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ABSTRACT 

An experiment was conducted that compared the 
teaching effectiveness of a computer assisted instructional module 
and a lecture-discussion. The module. Predator Fun?t.ional Response 
(PFR), was developed as part of the SUMLJ (Single-concept , 
User-adaptable Microcofliputer-based Instructional Technique) project. 
A class of 30 students wasC^ndomly divided into two groups, one ^ 
which ran the module and the^^o^er which ^attended a lecture on the 
same material. Both groups were then given* a posttestj and the 
results analyzed using analysis of covariance and individual item 
analysis; No significant differences were founds between the groups. 
The implications of these results to miqrocomputers and to teachers 
are discussed, with the conclusion that although inicrocomputers arfe 
effective teaching instruments, they should be incorporated into, the 
clJassroom situation with care ant forethought. Provided in appendices 
are PFR documentation, performance objectives, the posttest, the 
random division program used to separate the students into two 
groups, lecture transcript, analysis of covariance, and PFR program- 
listings (for Apple, microcomputers ) . (JN) ' 
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ABSTRACT 



An experiment was conducted that compared the teaching 
effectiveness of a microcomputer module and a% lecture. A 
class of 30 students was randpmly divided Into two groupSj^ 
one which ran a module and the .other which attended .a 
lecture on the same material. Both groups were then given a 
'posttest, and the results were analyzed using analysis of 
covarlance and Individual Item analysis. No significant 
differences were found between the two groups • The 
Implications of these , results to microcomputers and to 
teachers were discussed, with the conclusion that 
microcomputers are Effective teaching Instruments, but they 
should be Incorporated into the classroom situation w^lth ' ^ 
care and forethought. . ^ 
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INTRODUCTION ^ ' 

Although CQmputers have been a part of our soclety^or 
over 25 years, they are just beginning , to become popular In 
the educational field. This Is not to say that no one nas ■ 
shown an Interesft In the subject, of computer applications 
In education. Ta the contrary! As far back as 1958 
individuals like Alfred Bork, then a physics professor at 
the University of Alaska saw. the 'potential of computers In ^ 
teaching' and began research on the possftllltles (Klester, 

1978j. ' • 

* The number of Individuals Interested In computers In 
education grew as computers became more popular in the 
196o4. In that decade the ijumber of schools having 
-^computers Increased- six-fold (ACM Bulletin, 1979). . 
jWfortunately these computers were • utilized -mainly for 
administrative purposes, so the teaching applications of ^ 
the computer lagged far behind this tremendous growth in . 
computer popularity. 

There are numerous uses of computers in education. The 
, ■ ' ' ' ' 

Illinois Series on Education (1979) listed eight different 

ways computers could be used in teaching, with others^ 

(Roecks, 1981; Watits, 1981) later adding to that list. Even 

f 

so, thfe computer is not utilized nearly as much as its 
potenti.ar suggests. For Example, although computers have 
applications in virtually every curriculum, over half of 
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the student use' of computers in highey education today is 
in only three ^departments: computer science, engineering, 
and business (Molnar, I98I) • ' / 

* One of the areas of study that does not make extensive 

use of. computers is the biological sciences* The reasons 
for this, according to Tocci (1^81), may ,^Bltem from the , 
belief that biology requires fewer quanti^^ative analyses 
than such subjects as physics and engineering.- But Tocci ^ 
stresses that there are many uses of the computer other 
^ thah for quantitative analysis, and several are directly 
appliciable to the biological sciences. He blaftiea the lack 

r 

of computers in biology^ teaching on the teachers 
themselves, saying that many lack training in the area of^ 
^computers, so* they either cjo not knou about the cojnputer^s 
potential, or else they are suffering from ".computerpho'bia" 
(Jay, 198r). tlany teachers .have almost no concept of what a 
compliter is or what it is capable of doing. Another related 
< fear is that the computer will soon replace teachers. This 
is a I'argely unfounded fear. Frank Clement (1981) studied 
th$ situation and came to th(^^conclusion that there is rio^ 
evidence that computers will replace teachers in education. 
He even postulated that" the n6ed for -teachers who can use 
computers and^also for teachers who can help develop high 
quality educational software may be responsible • for the 
opening of more teaching jobs* 

' / In 1971 semiconductor manufacturer Intel Corporation 

- Page 2 
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developed the microprocessor, chip (Marbach ^,and I^ubenow, 
1982), which eventually had a far-reaching effect on 
educational compu-tlng. TJhls Is because the mlcr^oj^f^ocessor 
chip .made possible ,the development of the reiat^lvely 
Inexpensive modern microcomputer, a small, stand-al«one 
.computer equipped v/lth a keyboard and a TV monitor usually 
with graphics capabilities. ' - / ^ ^ ^ 

Suddenly any school could own Its 01/n computer for a 
tiny fraction of the cost of previous computers Before 

microcomputers became available in -1977, the standard in / 

• ' ' . ^ * 1 

education was the large tlme-shkrlng computer, whjLch , 

^consists of two parts; the central processing unit (CPU) ' * 

^ and- the remote terminals. The CPU is the actual computer, 

where data' is stored and processed. The remote terminals 

ar^ keyboards used to communicate with the computer. These 

terminals could be lobated at various places and connected 

to the CPU by telephone lines. . ^ • ^. / 

Educators were quick' to recognize the advantages bt 

thq microcomputer over the time-sharing computer^sys tem^ 

According to Mclsaac and Baker (I98I) , the major advantages 

•are cost; user controllability, and convenience. ^ - 

It is not unusual for a time-sharing computer sy'sn:em,^ ' 

to <JOSt several hundred^ thousand dollars. A microcomputer 

costs as little as two thousand dollars, which is within 

the budget of many more school^.^^dditlonally , . a 

time-sharing computer costs a large amount of money to run • 

' . . Page 3 ' , " ;■ , ; , 
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ai\d maintain. Each, time' a program is run it costs money, 

.which ftends to discourage use of such a computer system. A 

microcomputer costs almost nothing to. run, so its use can 

be encoura'ged with' no fear of mounting large computer 

* 

prodessing bills. " i ' 

The user of a* microcqmputer h^ much more control of 

the entire system than does a user of- a time-sharing 

computer. On a t'ime-sharing 'computer system the user must 

cqnt'end with problems beyond - his/her control, such as 

computer' down »time and d^efective connecting telephone 

'lines. Microcomputers . are deceatralized so that'eaph one is 

a separate unit. 'There are no telephone lines connecting^ 

them and no problems with other jisers oa the system at the 

same ^timet The micrpcomputer user does not have to ^be 
« 

concerned with computer down time, *or with waiting in line 
for the CPU to run a program, or with keeping^ user 
identification numberi^ secret. 

Related to^ controllability is convenience. 
Microcomputers tend to be more convenient than time-sharing 
systems. Bec^ule microcomputers are .decentralized, the user 
works with the entire unit. This eliminates sudh 
inconveniences such as i.d. numbers and long waiting 
periods both to run a program and to receive its output. 
Also more convenient is the fact that microcomputers have 
no running or processing costs. They can be used often and 
any time of day with no worries of the resulting bill. 
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r The running costs of a time-sharing system can vary at ' - 

different times of the day and. can get quitS expensive, 

especially if the terminal^Jttf^ hooked to the CPU'Via a 

long-distance telephone connection. 

Many agree that an 'additional advantage of the, 

j> * ' microcomputer for educational applications is its color 

9 graphics capabilities, which allow it to use graphs, 

charts, pictures, and even animation (Bork, 1-980; Bork and. 

Franklin, 1979; Smith, 1979; Zlnn," 1979)- Thife allows the . 

microcomputer to db more than process numbers and display 

text^ thus adding a new dimension to its applications, 
• ♦ * 

It is the combination of all these advantages which 

make the microcomputer an attractive package in education. 

For example, there is a ^large time-^sharing system that has 




^ been developed that shares many* of the advantages of the 
microcc5mputer. It Is called PLATO ( Programmed. Logic for 
Automatic Teaching Operations) and Is available to many, 
colleges and universities ^ PLATO is essentially a Qomputer 
terminal and TV screen connected to the CPU via 
long-distance telephone lines, PLATO haisij excellent fep^phics 
capabilities and immediate, interactive feedback jco user 
inputs. But its major drawback is cost. According to Gerald 
Gleason (198I) , a-single terminal hfjoked to PLATO would 
cost a school $6000 a year>. With such a high cost, PLATO 
cannot compete with the microcomputer for the educational , 
comp'uting market. 
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With all of their advantaps, microdomputers ar6 
C^rapidly^ becoming popular in education, l^ut^ne <^t.he major 
obstacles, to their growth at this time -is the long-time 
estabiishment~of the Time^sharing systems- Silready in 
schools •-'a school will be hesitant to spenci^ money on • , ^ 
microcomputers when it already is equipped with a large 
time-sharing system. But this is not a permanant hift^rance 
to the spread of. microcomputers. For example, a 1978/79 
study done by the Minnesota School District Data Processing 
, Joint ^oard (ACM Sigcue Bulletin, 198O) culminated in the 
recommendation to phase out time-sharing in favor of 
microcomputer^^ in Minnesota schools. ' . 

With the 'sudden popularity of microcomputers, ;the 
educational community has been *beset by 'a couple of major 
problems • Most teachers have little computer knowledge. 
They do not kriow how to use computers or v/hat computers can 
. do. This is termed "computer illiteracy'^>^nd is one of the 
most serious problems associated with the educational 
computer boom (Dickerson arid Pritchard, 198I). Another very 
serious p'roblem is that micro'computer development has far. 
exceeded its software development (Glea^on, 198l)* Software 
refersi. to the programs* that can be ri^, on the -computer. 

M^ny teachers haVe ideas concerning how to use 

^ \ 

microcomputers ,in their classed , but no software has yet 

been developed for tWeir needs. So although microcomputers 
^re becoming available for use in the classroom, the^e two 

IK 
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problems, Xhe large number of teachers who are not computer 
literate ^nd the lack of educational software, limit the 
• microcomputer's use. ' , ^ 

. ' In the face pf problems such as these, a project was 
/ . , initiated at Michigan Technological University* The two 
year long SUMIT project (Single-GoncJ^pt User-adaptable 
Microcomputer^based Instructional Technique), headed by Dr. ' 
J* D* Spain and funded the National Science Foundation, 
^ b^gan in the spring of 198O and produced educational 
sbftwftre related to the biological sciences for the Apple 
/ II Plus microcomputer* Each microcomgAiter program, or 
module, dealt with a single subject in- the areas of ^ecology 
and general biology* . 

The modules were designed to be used as a supplement 
to a biology or ecology laboratory* Experts tend to agree 
that Computer-Assisted Instruction (CAI) \i^d in addition 
to laboratories or classroom lectures is the best 
application of CAI irf^courses^ (Alpert -and Bitzer, 1970; 
Clement, I98I; Jenkins, 1976; Tsai and Pohl, 1975; Tsai and 
Pohl, I98I; Vlsonhaler and Bass, 1972). - ^ 

CAI Is def j,ned by Oliver and Scott (1978) to be "the 
• '/* direct ' Interaction of a student with a computer' through an 
' alphanumeric and/or graphics communications terminal for an 

instructional purpose." V/ith this In mind, the SUMIT 
nodules could be termed CAI modules because they were 
* writte'h with the idea that- they would be run by students . 
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who would interact w4.th the woc^ules. 

User interaction with the microcomputer was f^t to be 
a very important part of the learning experience, so all of 
the SUMIT modules allowed f reqent user-computer interaction 
through questions and answers. Using the Apple 
microcomputer's graphics, this was extended to include an 
interactive graphics-- situation in which the user would 
experiment with equation- parameters 'anci;ol>serve how changes^ 
affect various curves and graphs. ^ 

' SUMIT modules will not only help to alleviate the lack 
of educ4tiona3^ .software, but they also' were designed to be 
used by all tfeachers , regardless of their degree of 
'computer literacy. It requires no computer programming ^ 
knowledge to run the modules. As an added feature, along 
with each SUMIT module comes ^ a copy, of documentation that 
explains simple ways that a user can modify ^e module. 
Therefore teachers need not be computer experts to run or 
modify these modules. 

Each of the SUMIT modules underwent several formative 
evaluation procedures. Members of the<ySUliJIT team constantly 
ran the modules throughout their development and offered 
suggestions and criticisms. The module? were al^so run by 
small groups of students in various ecology and biology 
courses at MTU. These students would each fill out 
evaluation forms, which were then used to further improve 
the modules. 

Page 8 
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Suramatlve,- or^final, evaluation took place in animal 
•ecology and general -biology labo,ratorles at" MTU. The SUMIT 
modules were incorporated into the laboratory work, where 
the students would take a prSTest, run the module, and then 
take a posttest to find if they improved after running the 
module. They also filled out evalua^tion forms to give the 
* 3UMIT team an idea of their attitudes, likes, and dislikes 
*in relation .to the computer v/ork in laboratories. 

The SUMIT team desired to evaluate a 5UMIT module by 
comparing it "to the traditional method of instruction; 
S^nce the monies were w.ritten to be part* of laboratory 
experiences, thermos t relevant summative evaluation would 
be to use it as part of a labaratory exercise and test 
students^ improvement. The question is, can they teach a 
student as effectively" as traditional instVuction (TI) 
techniques? It was decided to address this question through 
the summative evaluation of a SUMIT module. 

TheV grobl ^m of 'this study wa^ to determine the 
effectiveness of CAI u^ing a SUMIT module by comparing it 
with a traditional method ' of instruction — 
lecture-discussion. ' ' ' . 
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' ' . ' RELATED 'literature 

'a review of the ^literature in the area of evaluating 
CAI revealed very little -useful material. A number of 
Individuals expressed the belief that CAI could teach as 
effectively as TI (Bo.rk, ,1980; Cunningham, 1979), but they* 
never conducted any studies on the matter* Others carried 
out experiments that were very we^. Por example, Morrison 
and Adams (1968) .carried out a study on CAI vs. TI in 
German language classes • They claimed to have found the CAI 
group to be better in some skills, but no statistical 
analysis could be performed on the data 'due to the ' 
unstructured nature of their study. Different teachers 
taught different groups, plus some individuals changed 
groups midway through the study. 

« 

V/eistheimer conducted a study of CAI supplemented.- 
laboratories vs-. ' traditional laboratories and found that*' 
the 'CAI supplement group did significantly better on 
material covered on the computer (Jenkins, 1976). But> his- 
experimental -method Was faulty because the CAI supplement 
gt*oup put in four hours "overtime*^ to look at the CAI • 
modules, while the traditional laboratory group put in no 
extra time. This gave unfair advantage to the CAI 
supplement group. 

Gershman aft4^Sakamoto (1981) carried out a large-scale 

study with' the Ontario secondary schopl system. But 
f • 
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students were allowed, to move from the CAJ group to the TI 

group and vice versa, so their results were not conclusive. 

.Better studies with proper experimenbal design were^ 

r 

also found in the literature (Alper*^ and Bitzer, 1970; 
•Hollen, Bunderson, and Duhairt,. 1971; Lewellen, 1971; Suppes 
•and Ito>yings tar, ^1969; Tsai and Pohl, 1978; Tsai and' Rohl, 
1981; Visonhaler and Bass, 1972), but most were old — 
pre-mierocbmputer era. Educational computing prior to the 
late 1970 's tended to center more around drill & practice. 
It'is questionable if these studies could provide. any 
indication, of the teaching effectiveness oT the modern CAI 
simulation modules, because simulations- and drill & 
practice ^re two very different uses of the. computer . 

Also, 'none of the studies -found were conducted for a 
single CAI module. Instead they all were a test of learning 
over the course of a term or semester. AliL of these , , 
differences made it difficult to predict [the result^of a 
SUMIT' module vs. TI comparison. 

" As a final note on this subject, two studies in the 
literature proved interes1>ing. , In 19^8, Magidson reviewed 
the accumulated studies of CAI vs. TI and found that 55% of 
•these resulted in no significant differences. The remaining 
1\5% of the studies resulted- in findj#ig thte CAI more 
effective than TI. Thrge years later, Burns^ and Bqzeman 
(•1981) published a similar review and fotind H0% resulted in 
no significant difference, k5% resulted in finding CAI more 
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effective, and 15% resulted in mixed results • 

One should note two poin-fcs. First, the latter review 
found 15% of .the CAI vs. Tl comparisons., getting less than 
favorable (reslilts for CAI. Secondly, the studies v/ere 
separated by three, years., the exact .time of the\ 



J. ■ ^ 



.introduction subs^qu'ent popularity of the 

microcomputer. ' Pojssibly in thas^ three years the^ studies 

t ^ 
conducted involved microcomputers with more graphics and 

simulation modules. If this *was true, then microcomputer 

simulations could be responsible for reducing the number of 

studies that found CAI to be effective, which would imply 

that either the software for microcomputers was of low 

quality/ the studies were not run well, or that 

microcomputer simulations are not effective teaching 

devices. * 
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' / METHODS AND MATERIALS 

(This section outlines the development of the Predator 
Functional Response module, the lecture to which it was 
compared, and the posttest for the experiment. The^. 
population used, the experimental design for the leciure 
vs. CAI study, and the statistical methods to analyze the, 
data are, -also described/) . , , 

A. Choice of the module ^ 
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- The SUMIT module entitled Predator Functional Response 
was chosen for a study cbmpaflng the teaching effectiveness 
of a CAI module and a lecture-discussion. This module, 

1 ♦ * \ 

* ' p \ 

concerned ^the topi<5 of predator functional cespons^X and its 
relationship to prey recruitment. Briefly, predator \ 
functional response. (PPR) relates the number, of prey kVlled 
to the prey density in the surrounding environment in wlkch 

- * ^ * " ' . - \ 

that predator, lives.. If this is studied in 6onjunctiori wit^ 
'.prey "population growth, or pu^y recruitment. Of an area, 
many interesting and potentially useful, relationships can 
be discovered. For a^mor^ detailed look at prey ^ 
recruitment-predator functional response, please refer to 

Vhe PFR module documentation in Appendix A. 

'y- 

Thl^ mpdule^as ohosen. bepause I felt that students 
would- not 'be familiar with the suj)ject of PFR' or- the 
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graphical techniques used to plot the PPR curve. PPR is an 
important, but not vvldely taught concept, so most of the 
students had never been exposed to the material in the 
module before* New concepts decrease the probability that ^ 
one. student is at an advantage over other students, which 
is Important in the proper e^yaluation of the effectiveness 
of a teaching method* * \ . ^ ^ ^ 

Another reason for using the PPR module was that.it 
was written by ther'investigator conducting this study; thus 
he was familiar with the module and the subject matter. 
This assured that thfe instruction would be most effective 
and also eliminated the teacher confounding factor (this 
occurs when one individual develops teaching, materials and 
another uses them to teach). ' 'A 

B. Development of 'the modulQ 

♦ 

Initial development of a microcomputer module on PFR 
involved finding the right approach to the subject. The 
objective of this module was to take the s.tudent further 
into the' predatorr-prey relationship than the Lotka-Volterra 
numerical relationships, and also to expose him to ways of 
.graphing relationships other than the standard plot of 
"population as a function of time". 

"Many different methods of graphing PFR exist. Examples 
include plotting the proportion of prey killed per predator 
■ 
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as a function of prey density (Mul'dpch, %S73) y and plotting 
the log of the number^ of prey killed per predatot^ as a ^ . 
function of the log of ^th^ prey density^fReal, 1979) • The 
similes t method found, and the one u;6ed for the PFR' module, 
was to graph the number of prey killed'pef predator as a 
function of prey density, a technique?' made popular by 
Holling (1959)- ^ < " : ' 

* ^ 4 • 

A microcomputer program was develop^^ iJepicting prey 
recruitment and type III PFR (Holling, 1959) interactions. 
At this point the module's objectives were formulated for 
- this module: ' ' ' * # 

After running the PFR module student should be 

able to: • ^ ^ 

1. identify and predict stability of pr'ey density 
equilibrium points resulting from predator 'functional 
response. ^ 

2. predict and recognize the effect of "changes in predator 
carrying capacity on equilibrium pojmts. . . 

3. compare the relative rates at w^icl/ different star.ting 
prey densities approach a stable equilibrium point. 

^ 4'. recognize the effe|jt of hunter pressure on prey density 
equilibrium points. ^ . . ^ 

It should be pq^rted out that these objectives are -^ot 
the same as the final performaince objectives tjfiat were *^ 
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- tested for in the study's posttest (these can- be found in 
Appenc^ix B). The list of objectives was changed and. 
expanded throughput the development of this module as more 
was learned about PFR and the capabilities^f the Apple II 
Plus microcomputer. \ 

fffter a ^odule was- written aTid programmed' on the 
Apple, formative evaluation began. This encompassed 
constant suggestions and subsequent improvements, followed 
by further suggestions for improvement.' The formative 
evaluation .for the PFR module roughly followed the 
guidelines outlined by Dick and Carey (1978) w First the 
author and SUMIT team reviewed the module. After the 
suggested improvements were made, the module was run by a 
small grouD of students, the BL575 Advanced Animal Ecology 
claims. Their\uggestions were used to improve the module. 
Next a team of three SUMIT members who had a special 
interest in PFR was assembled. This team met twice v/eekly*" 
to review the module and offer suggestions and criticisms. 
Following this, a four-member committee created to 
supervize the graduate work of the PFR module ' s ' author ran^ 
the module and offered suggestions. Finally, a yeap after 
the formative evalu'ation began, four individuals 
knowledgeable in the field of predator-prey relationships 
(two of which could be considered "experts" in the subject 
of PFR) ran the module to check the accuracy of the . 
material presented. No erroneous material was found, which 
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ended the formative evaluation of the PPR module* 



C* Development of the lecture ' ' ' ^ 

^ A lecture was needed that was comparable to the PPR 
module In Its objectives* -Using' the list of performance 
. obj^ectlves developed for the PPR module (see Appendix B), a 

■ . iecture-dlsc-usslon was- written by the investigator* This ; 
assured that both the lecture and the module covered the 
same material at the same level. 

The lecture was approximately 40 minutes in length and 
used overhead projections for the grapjis* Time was Included 
in the lectur.e for student ^questions* Aft^r the, 
lecture-discussion v/as written the author reviewed it to 
ensure that all of the performance objectives were 
adequately covered^ 

To obtain a permanarit record, a videotape was made, 
when the lecture-discussion v/as given to BL340 Animal 
Ecology* A written transcript was made from this videotape* 
This can be found in Appendix E. 
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D» Development of ^the^-posttestj 



A post test was needed that would measure knowledge on ' 

t'he subject of PPR. The following format for the posttest 

> 

* was chosen: 

— The posttest ■ consisted of multiple choice items because * 
thejr can be scored objectively, yet have mpre ^ 
discriminatory power than true/false items; plus they can 
be used to test for 'a variety of cognitive learning levels. 

— The posttest had 20 items. Past posttests used on other 
• SUMIT modules had eight to ten items. For this study a 

longer test was developed to increase the reliability of . 
the results. ^ ^ 

— A time limits was set for the completion of the posttest 

oy the students. A time limit, of 15 minutes was chosen so 

that it could be administered within the anticipated titneV 

• ♦ 
constraints on the day of the study. 

Aj)osttest with this format was written that tested 
for the set of performance objectives developed for the 
module artd lecture. Then J.t was evaluated by the members of 
the SUMIT team. Suggestions were made, which were used to 
improve the posttest. 

As a final evaluation of the posttest, four 
individuals knowledgeable in PPR- wei^e asked to take the 
test and look for inaccuracies in the information 
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presented. They did this and offered several suggestions 
' for improvement, which v^ere incorporated into 'the final- 
version of the posttest* A copy of the posttest used' in 
this study can be found in Appendix , 

E» Description of the population ^ 

; The. fall I98I BL3^0 Animal Ecology claiss v/as used to 
<^6mpare the PFR module to a lecture-dijscussion. 30 Students 
were enrolled and ^ attending this course, at the time of the 
expeniment. These 30 students were divided, randomly into 
two groups of 15* The random divisfon permitted the 
assumption to be made that the two groups were 
representative'samples of the population in their prior 
knowledge of the subject matter to be tested^ so a pretest 
f did not have to 'be given. The randomization was done by 
associating each student with a random number and then 
sorting the random numbers fj?om lowest to highest. Th^e 
students with the 15 lowest random numbers made up the 
group that would run the PPR modulfe. The remaining 15 
students would make up the group that woul.d attend the 
lecture on PPR. This procedure was conducted on the Apple 

II Plus m^cro6Qmputfer. 'A^^^py of the program and results 

\ 



can be fouri^ in Appendix D 
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?• Experimental design ^ 

One- week prior to the 'experiment ^the students we.re 
infor med 'where to repoj?t on the day^of^ testings O n the d ay 
of the study,, the lecture groiip attended the 40-minute 
lecture-discussion^ on, the subject of ' PPR in their regular- 

• * * 

lecture room. At the same time, the module group met in 
^their laboratory room- and ran the PPR .module. Each student 
used a separate microcomputer an,d was given 40 minutes to 
run the module. At the end of the 40 minutes both of the 
groups, were brought together and actministered the posttest 
on PPR. ' . ' 



G. Method^ of -analysis 



r 
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Each student's posttest score and final course points 
percentage was collected. Analysis of covar'iance was 
applied to this data, using the final course points 
percentage as the covariate, to test the null hypothesis 
that the means of the adjusted posttest scores for the two 
groups v;ere equal. The. alternate hypothesis was that the 
two means were not equal. " . 

In ah effort to analyze the effectiveness of the 
posttest, test and item analyses were run. This was 
accomplished using a program entitled ITEM ANALYSIS, 
(Fehlberg.and Plathmen, 1969) on the UNIVAC coljiputer. This 
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program calculated a variety, of statistics, but the ones 
most useful to this study were the Kuder-Rlchardson Formula 
20 reliability coef f icient . (KR-20) , the item difficulty 
indexes, and the item, biserial correlation coefficients. 



The item difficulty index used was the fraction of 
studentSQs^hat answered the item correctly. It is a number 
between zer6 and one -and is calculated by dividing the 
number of ^'correct responses by the total number of 
respo^se^ for each item. 

' Item discriminatory power, the "ability to 
differentiate between students who have achieved well... 
and those* who have achieved poorly" (Ahmann and Glock/ 
1981), and its difficulty Index are related. Items with 
difficulty Indexes around 0.50 generally have the maximum 
discriminatory power. Therefore a test with Items In the 
range of O.3O to O.8O will have a high discriminatory 
power. 

The Kuder-Rlchardson Formula 20, or KR-20, checks the 
Internal reliability of the entire test. It Is calculated 
us'lng the following fo'^ula: 



0 



KR-20 = 1 - (SUMMATION (P'( 1-P) ) )/Test Variance" 

where P = each Item's difficulty Index. 

The KR-20 uses Iteni difficult/ indexes to estimate 
consistency of student performance from item to item. The 
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KR-20 has a possible range of zero to one, but shouid be 
greater thamO*50 for any given test (Tinari, 1979) • A 
value lower than this indicates that the test may be, 
internally inconsistent. ' 

The item biserial correlation coefficient has a 



J 



possible range of minus, one to- one. It is calculated using 
the following formula: - . 



BCC = (P(Mr - Mw))/(Z(Test Variance)) 




where Mr is tiTe mean of the students answering the item 

A ^ 

correctly. 

Mw is the mean of the students answering the^ item 
incorrectly . 

P is the item' difficulty index. 

Z is the ordinate in the- unit' normal distribution 
corresponding to the proportion P . 

Like the difficulty index, the biserial correlation 
coefficient 'is also related to item discriminatory power. 
It measures how, well an item separated the good students 
from the poor ones. ^If an item is discriminating well, the 
mean test score the students choosing the correct answer 
should be greater than the mean test scores of students who 
chose distracters (wrong .^ans we rs) . When this happens the 
biserial correlation coefficient for that itfem is high. If, 
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on the other hanji, the poorer stiAents chose the correct 
^answer and the better students chose the distracters, that 
item is not operating properly, and the biserial 
cbrrelation coefficient woiftld be negative. 

The lecture and module groups were compared 
item-by--item using a 2X2 contingency table with the rows 
equalling module and lecture, and the colxamns equalling the 
number that responded" with the right answer and the number ^ 
with the wrong answer: Chi-square values ^were calculated 
from these contingincy tables. 
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RESULTS 

' 30 students were enrolled in BL340 Animal Ecology at 
the time, of the experiment. It was hoped that sample sizes ^ 
of 15 for each group, lecture and module, would occur, but 
several factors reduced this number. Two students from the 

» 

module-group were absent, reducing the module sample size 
to 13* In lecture, three students arrived late and missed 
^enough material to possibly lower their posttest scores, so 
these students^ scores were dropped from the data set^ 
leaving 12 scores from- the lecture^ group to be analyzed* 

To use analysis of covariance to compare the lecture 
and module group means, a covariate was needed* The final 
course points percentages for the students in the study 
were usec^. At the end of tw'^term the list of final points 
percentages was collected, and^^^ was found that one 
student who had participated in the module group had later 
dropped the course. Thus he had no final points percentage, 
so his posttest score had., to be dropped from the data 
analysis. ■ 

This left 12 students' data in each group. The 
complete final data set can be found in Appendix P. The 
posttes't scores for the lecture and module "groups _ were 
plotted on frequency histograms in Figure 1. Analysis of 
covariance was applied to the data collected (see Appendix 
F). The calculated P-value was less than, one, so the:'null 
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FIGURE !• Frequency histograms for the posttest ^scores of 
the module and the lecture groups. 
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hypothesis was accepted; the means ■ of the adjusted pos4;test 
scores for the lecture and module group are ijot 
significantly different. * • ^ . 

Table 1 summarizes the results of the test and item 
analysed. One will recall that the KR-20 formula measures 
the internal consistency 'of the test and should be greater 
than 0.50 . The KR-20 formula fof the class posttest '. 
results was 0.80, which indicates a test with high internal 
consistency. 

The difficulty indexes are listed by item in Tablfe 1. 
One can see tha,t half of the items in the class's posttest 
were within the acceptable range of 0.30 to O.8O . 

Biserial correlation coefficients are also listed by 
.item in Table 1. 'Tinari (1979) suggested that items should 
have biserial coi^relation coefficients greater than 0.30 to 
be useful. Scanning the class data in Table 1, it can be 
seen that I6 items pass this criti^rion, which is a greater 
number than the number of items with the proper difficulty 
index. This means that, for ' some items the difficulty index 
was n6t within the optimum range, but the item was still 
functioning by discriminating good students from poor. 

When the lecture^ and module groups were compared 
item-by/-item using a contingency table (Figure 2), it was 
found by calculating chl~square values that the two groups 
were not significantly different 'on an'y single' item of the 
posttest. ' , • • 

N 
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TABLE 1. Posttest statistics. This table incliMes test 
mean?, standard deviations, and KR-20 values.; plus item 
"difficulty indexes andX^isepial correlation coefficients 
(BCC's). ^ . 



y ENTIRE CLASS 



Mean: 
St dev: 
KR-20: 



15.17 
3.60 
0.80 



Item 

# 
1) 
2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

1^1) 

15) 

16) 

IT) 
18) 

19) 
20) 



Diff In'd 

.417 

.792 

.625 
•.792 

.125 
- .958 
1.000 

.833 

.708 

.958 

.667 ■ 

.875 

-.958, 

.958 

.5^12 

.750 
■ .917 

.875 . 

.792 

.625 . 




MODULE GROUP 

t 

15.17 
3. 81 
0.87 • 



Diff- Tnd 
.-417 
.833 
.667 
.917 
.083 
.917 
1.000 
.750 
.-667 . 
.917 

- .667 
.917 
.917 

.58f 
■ .750 
1.000 

.917 
.750 

.583 



BCC 
.244 
1.128 
.921 • 
.919- 
.721 

.323 . 

.000 
..323 

.356 

•B23_ 
1.173^ 

.621 5 

•.919 

.919 
1.103 
1.186 

.000 ■ 

.323 
1.186 

.810 
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FIGURE 2. An example of the two-by-two' contingency table 
that was used to compare the module and lecture groups by 
item-.. The data in this figure is ^f romvitem »i\ of the ^ 
posttest. 
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ISCUSSION 



A study comparing a CAI module and a '^ectur.e was 

: ' ■ ' ' . i 

conducted, and it was found by analysis of . the data that 

there was no significant difference between the two in 

their teaching effectiveness. Although the results ar^e 

limited to t%^ papulation 'of this study, th'ey can l)e used 

to consider some other aspects of microcomputers and their 
^ i. 

use in -teaching. ' ^ , , ' "r^ 

First, hQW are the results of this study important to 
manufacturers of n>icrbcomput§rs? Microcomputers have been 
experiencing a boom in education witijout any evidence that 
they could be useful. All that existed were the "feelings" 
of " a limited number of 'teachera that they c(J£ild be u&ed , 
somehow. This stu&y provid&s some evidence that ^ 
microcomputer CAI modules can teach students as- effectively 
as a class lecture. With this evidence more .educational " 
institutions may be willing ^to make purchases and'- thus ^make 
microcomputers more popular in the classroom. With their- 
increased availability 4.n educational institutions, their 
use will also increase with more teachers using them in 
more different ways. ' > 

An already existing problem that may. temppr^arily 
become more acute is the lack of - high quality educational 
software. If a sudden increase in microcomputer popularity 
in educatloia^ occurs, the software problem wil*!' get worse. A. 
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large number of teachers v/lll-be exposed to micrdcomputers 
and 'will want to use them, but. the software will 'be 
limited. CAI * simulation modules take hundreds of hours to 
write, develop/ and program. The lag time involved' in 
developing educational software may put a severe pinch on 
the expanding needs of the educational computing' community* ^ 
Possibly, thougU, more teachers will develop their own 
^sof.tware, and that may be the ultimate answer to the 
problem. - ^ ^ ^ — ' 

.The next issue to be addressed is 'the significance of 
the P PR "study to teachers. In the past many teacher-s wei?e 
hesitant about using CAI in their classes, partially^' 
because they had no way of knowing if it was a useful means 
of teaching. The PFR study provides evidence that CAI ' , 
modules can be effective in teaching certain^'topics (i.e., 
those that are simillation- and graphics-oriented). With 
this evic^ence possibly teachers will begin to -make use of 
CAI modules to replace some lectures and/or to supplement 
others. The microcomputer has shown tshat it can^ be an* 

effective instructional tool, so it should be used as such. 
> 

The use of the microcomputer in a class will add variety to , 
the learning experience, which will aid the student in 
^ understanding and recall. 

Or^e curriculum that has a wealth of simulation- and 
graphics-oriented topics is biology. Thus it is surprisir^g 
that biology is one of the leas^t frequent users of ; 
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computers In education (Magldson, 1978). In. his fext '"BASIC > 
Computer Models In Biology" (198I), Spain covers at least 
'50 mathematical models related to some aspect of biology,, - 
each of which could be the basis of a CAI module. Prol?ably 

\ ' . 

the main problems are related to coVnputer 'Illiteracy among 
biology teachef's and a lack of educatlon,al software In the 
subject of biology. But with the SUMIt project and other 
similar courseware development prograrps, biology teachers > 
will have more software to make use of\ In their courses, ^ , 
which may help alleviate the problem. \^ - ^. 

' ^ Does this study support the view t^at microcomputers 
can replace, teachers?. r4cCredle' (I98I) pointed but that the _ 
computer has decreased greatly in price at a time when the 
cost of supporting a faculty member has gone, up . 
significantly. He believes that the inexpensive price of 
computers in -teaching will make them much more popula'r in 
the near .future. But will they replace teachers? 

The evidence Is against It. Tsal and Pohl (1978) 
conducted studies In 1978 and 198I comparing tl>e teaching 
effectiveness of TI, CAI^ and CAI supplemented TI. These 
were some of the first studies that included al]L/three\of 
the most important contrastSs^oncerning CAI^learnin^r T]\^X^ 
vs. CAI, TI vs. CAI sUpplementeds^TI^.^trid CAI vs. CAI' ^ ' ] 
fifuppemented TI. The results w^re th^\bhey^^f oun no 
significant difference tjetween-' CAI and TJu;^ also 



found that TI supplemented with CAlXs^s sigmJE'lcan^ more 



V 



\ 



effective than eitfier alone. 

! 

Some may argue that these studies prove th^t coinput'ers 

' \ • \ ^ 

will replace teachers soon* But^ mo-re evidence exisxs that 

this will not occu\* Possibly the closest thing to a \ 

• \ ' ' ' \ 

completely computer-instructed course that exists in the ^ 
United States at thiA tirne is located at the University of 

/California at Irvine (Bork, 1980)* T?here an introductory 
physics course is 'taught through a series of ELAT.O 
simulation modules. But even this does not^liminate 
teachers be6ause -a summary lecture is given at the end of 
e^ch week, plus if students consistently have problems on 
certain material in the CAI module, they are locked out of 
thi moduie until they discuss the probleiru^^^ith the cou'rse 
instructor, So^^ven with maximal use of CAI, teachers are 
needed to answer ijuestions ai^d pull together the material 
for the students. ^ 

' That is the extreme case of CAI. Most "^ii^vestigator^ 

' agree that totally computer-instrjuq^ted courseware not the 



er, GAI 



,mos't- effective us^e -of computers ifi ^tication; r 

. uSed to supplement .laboratories and l^turesx is th^best 

' . \ \ , \ \ 

application (Alpert and Bitz^r, 198:|.; Clement, 198I; \ 



Jenkiris, 1976; Tsai andXPohl, ^78; Tsai and Pohl, 198r 
Visonhaler and Bass, 1972)t^\uMIT modules Vere designed 
with this application in mind, \and«^ although ,this study 
^found the^PR module to be as effectl^ve as a lecture, the 
module was not designed to replace^ lecture. CAI modules^.. 
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may prove to be effective on their* own, but any attempt to 
fit presently available modules together to completely 
replace a series of lectures would result in an' unrelated 
set of subjects being taught with no connection among them. 
Therefore, microcomputers and their existing software do 
not threaten to replace teachers at this time. 

In the opinion of this researcher teachers should lodk 
at the microcomputer as another learning device to be used 
to enhance 'their courses • Microcomputers pi^vide the 
graphics- and Interactiveness necessary to teach some 
dif f icult-to-convey topics and should be used in 
conjunction with related laboratories ahd lectures. 

The {nicrocomputer is an effective ^learning aid, but it 
should not be looked to as an answer to all educational 
problems. It has it^ areas of application, ^ike any other 

teaching aid. But several problems have to be avoided. I 

\ 

\ • 

was involve<^ with CAr modules from ho^ a student and\ an 
instructor's Viewpoint in the past year. Prom my 
experiences I have found that there is a danger of 
overusing CAI modules. This was also found by Tsai and ^6hl 
(1978). It seems that any more than one module a week 

results in a severe loss in student Interest*. Therefore. 

f 

possibly the most effecl^ive use of micro'computers v^ould 



as part\of a multi-media\ exposure for the student. 



including , such things as overheads, films, slides, 
videotaped, and, field trips. In this way the microcomputer' 
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could add to the richness of a course without becoming a 

* 

hindrance through overuse. ( ' 

For future research' the module, ^vs. lecture comparison 
could be improved in several ways. First, it could be 
repeated with larger sample siz^s^ which wbiilxl strengthen 
the results and ai^o provide possible 'replication of the- 
results. Purther development of the posttest would also^be 
helpf^ul. The posttest in this study contained many * 
multiple^-choice items with weak dlstracters. Better 
distracte^s would r&ise the reliability and discriminatory 
pov/er of the test. 

JkXsOy an interesting addition to the experiment would 
be. the testing of long-term retention of the material 
ibarned. By testing the students a week or more after the 
experiment, long-term retention/ of the. material could be 
tested. This would.be especially interesting, because past 
studies on retention of CAI learned material, have found 
conflicting results '(Alpert and Bitzer, 1970; iWllen, 
Bunderson, and Duham, 1971; Tsai and Pohl, 198'll,). 

To conclude, a CAI module dealing with predator 
functional response was developed for the Apple \II Plus 

•e 

development project. This module was uaed in an experiment 
cpmparihg th^ teaching effectiveness of a CAI module -and a 
class lecture. The 30 students in BL3^0 Animal; Eco]\ogy at 



microcomputer as part of the SUMIT microcomputer\ sof twar 



H^higan Technological Oniversity were randomly split into 
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two groups , for the experiment. One group ran the PPR 
module, \ the other group attended a lecture on PPR. • 
Immediately afterwar^ds, the students took a ppsttest on the 
subject of\PPR. The results of this posttest were analyzed, 
. and no signil^icant difference was f bilhd between the scores 
i of the two^ groap-s.^ This vindicates *that CAI modules are 
useful devices foX teaching. 
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\ APPENDIX A . 
Predator Puncti6n%L 'Response ^ 
Module Documentation 
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'Following Is a copy of the documentation that was 
written for the PPR module* 
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ABSTRACT 

^ , _ ^ ' - 

' This module explores the interrelationships between 
prey recruitmeiat and predator functional response curves. 
Equilibrium poinljs are examined with respect to their, _ 
♦ numbers and stability. The effects of varying predator 
population size a.re Explored. A method for estimating the 
relative time required for reaching equilibrium is 
discussed. The effects of hunter pressure on the * 
predator-prey system are examined and discussed. 

m — 
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PREREQUISITES 

Familiarity with S-shaped growth curves (such as the 
logistic equation) . Previous exposure to predator-prey 
models, such as the SUMIT module entitled PREDATOR-PREY 
DYNAMICS. 



OBJECTIVES 

After running -this program, the user will be able to: 

a) identify and predict stability of prey density 
^quilibriuin points resulting from predatop- fur^etional 
response. 

b) predict and observe. the effect of changes in tfie 
predator carrying capacity on equilibriunj points. 

c) compare -^l)^ relat iv,e rates at which differen^t starting 
prey densities approach a stable equilibrium point. 

d) observe the effect of hunter pressure on prey density,, 
equilibrium points. > • • ' 
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5- BACKGROUND' 

Solomon ~( 19 il 9) defined two categories of Interaction 
between predators and their prey. He -defined the predator 
NUMERICAL RESPONSE as the change In predator density In ' 
response to a change In the prey density. This would be 
esxempllfled In the Lotka-Volterra predator-jprey models 
(Wangersky, 1978) where the predator population fluctuates 
In response to the number of prey^Csefe Figure 1 ). 
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Figure 1. . Example of a Lotka-Volterra predator-prey graph. 
A graph showing the cycling nature of the fluctuations of 
the predator population in response to changes in the prey 
population. This graph is an example of output from the 
SUMIT module entitled , PREDATOR-PREY DYNAMICS. 



Solomon hypothesized . that predator eating habits also 
changed. He defined'lihe predator FUNCTIONAL RESPONSE as the 
change in the number of prey consumed by^ individual 
predators in response to a change in prey density. 

Predator functional responses are not as w.ell studied 
as numerical responses, but play an important role in 
stabilizing prey* density. Many times the numerical response 
of a predator may occur more slowly and also be dependent 
on the predator's functional response (Oaten and Murdoch, 
1975).. 

There are three basic types of predator* functional 
response curves, when the number of prey eatV^i by a 
constant number of predators is plotted. versus prey 
density. The outves have the shapes shown in Figure 2 as 
defined by HolTlng (1959) -p^^^ ^3 
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TYPE I 



TYPE II 



TYPE III 






prey den5t+/ 



Figure- 2. The three basic shapes of predator functional 
)^esponse curves. . . • 




All three curves in Figure 2 tend to level off. This 
is due to predator satiation. Satiation refers^ to the 
maximum number of prey that a constant number of predators: 
can consume in a given time interval. 

The type I curve represents a predator with a random 
search pattern and a rate of searching that remains 
cong^tant at all prey densities. The number of prey . v 

consumed, then, .would be directly proportional to the prey^ 
density, and a straight line graph would result. 

The type II Ciurve represents a predator whose- rate, of 
searching progressively decreases as prey density 
increases. 



Page 



.49. 



Possibly the most interesting is the .^ype III predator 
response curve. One explanation that has been put forward 
for the sigmoid shape of the curve is that sthe predators 
are exposed to multiple prey .species. The 'S\j>art of the ^ 
curVe Is due to predator switching;- that Is,- the predators v 
consume a disproportionately larger number of the more 
abundant prey (Oaten and Murdoch, 1975). Whenlone species 
6t prey is scarce the predators concentrate ok other 
sources of food. But as the density of ,that prey species 
Increases, the predator's recognize and consume a ^rnuch 



larger number of them, which/. is reflected in 
of the curve. ^ 

Investigations done on type II and type 
:functional responses include ^Holling's work . w 
oh ..the pine saw-fly (1959); Manly, Miller, an 



he steep part 

II predator 
.th predation 
Gook^s 
and 



|)redators is 



experiments with Quail (1972); and Murdoch, A^ery, 
SmytJi^^Xguppies (1975)- 

Looking at the prey in the absence of*anyi 
helpful late^r in finding relationships betweer| predators 
and prey. The growth curve of the prey popula'ta.on under 
such conditions will generally be S-shaped (Jlo^n, 1968). 
Figure 3a shows a typical prey populatiqn growth curve. 



PREY POPULATION 
GROWTH CURUE ' 




TIME 



100 



PREY RECRUITMENT 
CURUE 




^PREY 

densx;fy 



y 



r 



Figure 3. Example of an S-shaped growth curve (a) and the 
resulting recruitment curve (b) for a prey population*! 
These graphs are 'an example- of output from the SUMIT 
module entitled PREDATOR FUNCTIONAL R.ESPONSE. 
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To compare the growth of the prey with t|he predatoc 
functional response, the prey population growth raust^ be 
graphed on the sarae axes as the functional response ,curve. 
When this is done, the graph in Figure 3b -is, the result. . 
The curve in Figure 3b is called a prey , RECRIITMENT aURVE. 
It represents prey births^ minus prey deaths* jha^ are 
non-predator related. It records thd Additions to the 
population graphed as a function of pr^y den|ity^^ A. 

If the predator of this prey species di jplajf'=*^' 
III functional response,/the curve .plotted op the 
graph as prey recruitment could look like 




Figure ^. Prey recruitrrj( 
functional response curve plotte^iXon 
graph is an example of outjiut f roMv th^ \SUMIT 
entitled PREDATOR FUNCTIONAL RESPON^Ef 



Because the prey recruitment N^iirv 
additions to the prey population and th^ 
functional response curve represent^s Iqs^ses 
population, the points where the twc\ curves— in:^ 



describe equilib 
increase nor dec 




where the pr'ey density, vjii: 
Where the ^preyVTecruitjnei 
Page A6 \ 



■mil 



iUiiiiiii 









V 




pFwf densrULes 
PREMTQ^ 
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r^Tne 

e^U4J.l&m:\^ point VelVtinl^nshl 



ntlng. prp^Ht^r--pi^ in^ractibn^ 



^fp^^at^CE^prey relationships wher^e 
!Xl&v^ar>^x^cl^o where OQe 



a two^x 



F^redatoit l^onb^^^n?.^^ 





the preJ^ 

Would 
uauall 



)onaei.WhyX 



;h(^ 




fiL,-.x.ome , tipbN^th ^to^e shape of 

3ci?uiltment curve for ti51^€s,J)0^^ \ 



? or s^ 



tor^Tunctim is 
^er process than preditfror numerical 



BOggest hp 
me^ upper 
3f these / 
-sp.fcuatior|ls? .vCar 
iggestlons \re 



in4^4r 'pressure section of \he program, the prey 
"lit the lower stable ^qullibrlura point. 
^^niSftg^i^y^ might be brought back up to 
staMi^^qujJlbri^^ you .think that dny 

re- feasible "for lis^e/in real life 
you ^c>Qnrev^p v^h examples where your 
alreadyxl^ei^ used? 
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s^the transition fjrom "ttug^ S- 
r>ecruitment7\ curve • Specif i 
equation wa^ lised to ploiji 



MODELS U^ED IN Tt|E PROGRAM 

This\^module| is dividep into four subprogram 
PRED f'UNCT INTRO serves as ^n introduction and covers 



1 



e paramet.ers used 



shaped growth curve 
ally, the standard 
he S-shaped curve* 

N/K) 



to ^e prey 
logistic 



dN / dT = R * N * (] 
where: 

R = intrinsic rate of\natural Increase 

\ N = prey populatior size 

,,K = prey carrying capacity 

dN/(3j^ = the change in tile, number of plreyirper unit tirn^e 



K = 50 



this prograIn^ are: 
N = 0*5 



Trie logistic curve is a plot of prey population size' 
CN) as a function of time. The prey recruitmenrb plot is the 
change in prey density (dN) as a function of p\:^y density 



ill). 



PRED FUNCTl '|ntro(^uces the predator functllohal 
response curve ana plots it on. the same §raph as its prey's 
recruitment curve. I'The recruitment curve is again 
'Calcuidited with the^ logistic equation, using th^ following 
parameters : 



R 



•01, K =.100. 



1 



The predator functional response in this program is a 
, type III curve • The equation used was obtained fr9m Real 
\(1979)- \ 

;\ f = (KF * N / (N ^ + DD) 

v/her^er 1 

\ f* =1 fleedlng rate 
' 1(F ^ imaximum feeding rate 
i N^ = prey density \ 
^ DD == dehsity of feed items that geiqierate half- 

. • \maximal f eeding\ ^ \ 

E; = exponent associated with the amount of increase 
\ in, the rate of detection of a food itera*» witw^an 
\^ inbrea^e in f ood \density* 

The parameters used in this\equation are: 



KF = 110 



E = 2.5 



= 300 



The points generated from these two equations at prey 
densities of 0 to 100^ were placed* in data stat^merits to 
increase the ,$pe^ed\of\plottihg*\ 
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Next this program covers equilibrium points and their 
stability, and alsoAllows changes in predator, carrying ' 
capacity* Predator/carrying capacity, in this prograra, is 
equivalent to K! in the 'equation for the type III resrjp^orise 
cu'rvfe (Real, 1979]). The reason is that the maximum feeding 
Tate}will change ^s" a function of predator carrying 
capacity and the resulting number of predators ''in the • 
s^ystem.' Also, in this equation the predator carrying 
capacity is unrelated to the prey der^sity. This means that 
the predator carrying capacity is ^determined by 
restrictions oth^r thaa' prey density, such as - 
terrritoriality . • . / ' • 



tim'fe^-^fQrv a pre^ density to 
taking the xiif f er^ence between 



.PRED PUNCT2 e-stimates the 
equjilihr&.te. It does this by 

the iprey recruJLtftient curve and 'the predator fiinctioh^al 
response curve, and subtracting this > difference fromythe 
preyl density to obtain the density at variousj time 
intervals. 



^RED PUNCT3 demonstrates the effect of adding hunter 
pressi^re to tl^is simple predator-prey system] 
?cause hunter pressure tends to take a 
the prfey population regardless of population 
graph 6f change in density as a function of pre;5r density is 
a, straight' llnp- The" equation for hunter prepsur.e used was: 



percentage of 
size; the* , • 



, where 



Y = (0^t)l^* * N) 



the number of prey ^killed 
N =\the prey density 

HP = Siunter pressure expressed as a peif?centage of^the 
^Vey dfensity. * v I - - 

The variable HP can be changed .by the user in the 
hunter, pressure , simulation. The effect of tpis is toj raise 
or .lower thQ prey recruitment curve,. 
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PRED PUNCT IN^RO 
Line Numbers 



5-28 



REMARK^ containing module name, program 
name/ credits, and JjlSP grant number* 
title, and credits. 

logistic growth cxxvpe is introduced and 
plotted. 

\a question is ask^d regarding the graph 
displayed* 

prey recruitment is introd^cfc^^' ^ 
prey recruitment and logisltic growth .are 
pldtted simultaneously* 
the\relati6nship of the predator is 
intrc^duced. 

the, subprogram PRED PUNCTl is run* 
SUBROUTINES » 
5000 - 5065 ' PXUSE V^^ibroutine. 

press -Vr^ITURN- subroutine. 
HGR bloyife,. erasing subroutine. 
HGR strin^^ drawing subroutine. 
variable\ si\ze graph drawing subroutine, 
point sca-lihjg ^and plotting subroutine for 
variable \siz'^ '"graph. ^ 



160 300 
370 - &30;, 

1220 - 1560 
1570 - 1920 

2270 - 23^0- 

,2350 2390 



5J08O - 5130 
5750'- 5880 

■ 62^10 - 6i\8l 
30600 - '31000 

-31010 - 31080 
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PRED PUNCTl 
Line numbers 



5 - 25 
160 - 290 
300 • 460 
470 • 710 

720 - 890 

976 T 1140 
1150 - 1320 

2285 

2360 

2830 

3030 

3250 

3470, 

3690 
3910 
3960 



1520 

2286 

2470 

2840 

^3040 

3260 

3480 
3700 
3920 



REMARK statements, 
the -graph is drawn and- labelled, 
the prey recruitment curve Is drawn, 
predator functional response curve is 
introduced. 

predator functional response cu^ve is 
plotted. 

positive and negative curves are discussed* 
a question on the number of equilibrium 
points is asked# - 
equilibrium point #1 is used in a 
simulation on stability, 
a question regarding other stable 
equilibrium points is asked, 
.predator carrying capacity is introduced 
as a parameter. ^ 
the predator carrying capacity is changed 
by the user. 

the possibility of a different number of 
equilibrium* points is brought up. 
^ the predator carrying capacity is changed 
by the user. 

the number of equilJ.bt»ium points is checked, 
the n^xt section of the module is set up. 
the subprogram PRED PUNCT2 is run. 
SUBROUTINES 

subroutine that flashes spaces between 
curves. 

subroutine that alternately -colors and 
darkens spaces between two curves. 
PAUSE subroutine.' 
press' -RETliRN- -subroutine. 
HGR block erasing .subrouine. 
graph drawing subroutine, 
point seiMng and plotting subroutine. 



I 



4000 - 4070 

4100 - 4310 

5000 - 5070 
5080 -5130 
5140 r- 5270 
5280 - 5600 
5610 - 5680 



10000 - 10330 



DATA statements cofltalniiTg X and Y 
coordinates for prey recruitment and 
predator functional response curves. 
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PRED PUNCT2 
Line numbers 



5-30 
160 - 500 
510 - 610 
620 - 780 

« 

J90 - 990 
1000 - 1790 

1800 - 2010 

2020 - 2100 

2110 - 2140 
5000 

5080 - 5130 

51^0 - 5270 

5280 - 5600 

5610 - 5680 



REMARK statements, 
a change in scale is introduced, 
the prey recruitment curve is plotted, 
predator functional response curve is 
plotted. 

the concept, of subtracting curves is 
introduced. 

simulation that subtracts curves, 
the .simulation is ripeated usifhg a new 
starting prey density. ^ 
the concept of additional parameters is 
brought up. 

the subprogram PRED FUNGT3 is run. 
SUBROUTINES 

- 5070 PAUSE subroutine. 

press -RETURN- subroutine-. 
HGR block erasing subroutine, 
graph drawing and labelling subroutine, 
point scaling and plotting subroutine. 



PRED FUNCT3 
Line numbers 



5-2 
1^10 - 
380.- 
510 - 
660 - 

790 - 
900.- 
1010 
1220 
1500 

1670 
l8i|0 

2120 
2il40 

4000 
4100 



5 

■370- 
500 
650 
780 

890 
1000 
-■ 1210 

- 1490 

- 1660 

- 1830 

- 2110 

- 2430 

- 2730 
SUBROUTINES 



REMARK statements, 
hunter pressure is introduced, 
prey recruitment curve is plotted, 
hunter pressure is plotted, 
the concept of positive and negative curves 
is applied. 

the two curves are subtracted, 
predator fuiactional response is plotted, 
a hypothetical situation is introduced." 
hunter pressure is input by the user, 
the prey recruitment curve is lov/ered to 
account for hunter pressure, 
th^' user increases hunter .pressure, 
the loss of a stable equilibrium due to 
hunter pressure is demonstrated, 
hunter pressure is taken away. ^ ^ , 
conclusion for the entire module*. . , • 



- 4080 PAUSE, RETURN, PAUSE; VTAB subroutine. 

- 4300 subroutine that erases one curve while 
plotting another. 

subroutine that plots predator functional 
response. 

-.5130 press -RETURN- subroutine. 

- 5270 HGR block erasing subroutine. 

- 5600 . graph drawir/g *^and labelling subroutine. 

- 5680 point seal Lhg and plotting subroutine. 



^400 - 4480 



5000 
5140 
5280 
5610 
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10000 10330 DATA statements containing X and Y 

coordinates for prey recruitment curve and 
predator functional response curve. 
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VARIABLE LIST' 



>RED PUNCT INTRO 
COUNT - flag Variable used to ask a question twice. 
^$ - Disk Operating System variable* 
Dl - change in prey population with change in time. 
FLAG - flag in HGR string drawing subroutine* 
K - prey carrying capacity. 

L - HGR block erasing subroutine. Length along Y-axis of 

' block to be erased. 
L$ - axes labelling subroutine. Axis LalxfTT 
LXA - axes drawing subroutine. Length of X-axis. 
LYA - axes drawing subroutine. Length of Y-axis. 
N - prey population number. 
PAUSE - PAUSE'subroutine. Pause length. 
PS - PAUSE subroutine. ' Pause loop variable. 
Q$ - press -RETURN^r subroutine. Input variable. | 
R - intrinsic rate of growth of prey..population. 
T - loop variable representing time interval. 
TA - HGR block erasing subroutine. Loop variable. *" 

X - graphing subroutine. X coordinate. 

HGR block erasing subroutine. St^P^ing X coordinate. 
X$ ~ axes labelling subroutine. X-axis label. 
XO - axes labelling subroutine. X-axis label starting ^ 

X coordinate. 

XI - axes drsrwlng subroutine. Starting X 'coordinate. 

X8 - storage variable for X coordinate of previous prey 

recruitment point. 
X9 - storage variable for X coordinate of previous 

logistic curve point. 
XA - HGR string drawing subroutine. Starting X 

coordinate. 
XJi - graph subroutine. Maximum X value. 

XZ - HGR block erasing subroutine. Width along X-axis to 
be erased. 

Y - graphing subroutine. Y coordinate. 

HGR block erasing subroutine.- Starting Y coordinate. 
Y$ - axes labelling subroutine. -Y-axis label. ' 
YO - axes labelling subroutine. Starting co-ordinate for 

Y-axis label. 

Yl - axes drawing subroutine. Starting Y coordinate. 
Y8 - storage for Y coordinate of previous prey 

recruitmeijt point . ' 
Y9 - storage for Y coordinate of previous logistic curve 

point. ^ 

YA - HGR string drawing subroutine. Starting, Y 
coordinate. 

YM - graphing subroutine. Maximum Y value. 
YM$ - graphing subroutine. Maximum Y value. 
Z - HGR string drawing subroutine. ^ Loop variable equal 

to the length of the string to be -drawn. ^ 
Z$ - graph labelling subroutine . String to be drawn. 
ZO - graph labelling subroutine. Flag for printing 

horizontally ' or vertically. , * 

Z3 graph labelling subroutine. Variable equal to 

numbers along axes. 



Page A15 ' 



ZP - graphing subroutine. Flag to plot line or dot graph, 
ZG - graphing subroutine. Flag 'to start plotting line or 

dot graph. ^ 
ZZ - HGR string drawing subroutine. 



V 



VARIABLE LIST 

PRED FUNCTl 

A - space flashing subroutine. Starting X value. . 

B - space flashing subroutine. Ending X value. 

CA - multiple space flashing subroutine. Counter for 

first space to be colored. 
CB - multiple space flashing subroutine. Counter for 

second space -to be colored. 
C'C - multiple ;space flashing subroutine. Counter for. 

third space to be colored^ 
CD - Multiple space flashing subroutine. Counter for 

fourth space to be colored. 
CE - multiple space flashing subroutine. Flag use'd to 

flash all four* spaces or just two. 
COUNT - flag to replot ^predator functional response curve* 
D$ - Disk Operating System variable^. 

DD - density* of prey that generate lialf-maximal feeding. 
E - parameter associated with the amount of increase in 

the rate of detection of a prey individual with an 

increase in food density. 
HI - multiple space flashing subroutine. HCOLOR of first 

space. 

H2 - multiple space flashing subroutine. HCOLOR of second 
space. 

H3 - multiple spape flashing subroutine. HCOLOR of third 
space. 

H^ - multiple space flashing subroutine. HCOLOR of fourth 
space. 

HC - space flashing subroutine. HCOLOR of space. 

I - loop variable* 

KF - predator carrying capacity. 

KK - temporary storage for previous predator carrying 

capacity. " ^ 

L " - HGR block erasing subroutine. Length along Y-axis of 

block to be erased. f 

- axes l.abelling subroutine. Axis label. 

- multiple space flashing subroutine. Loop size* 

- prey population number. 

PAUSE - PAUSE subroutine. Pause length. 

PS - PAUSE subroutine. Pause loop variable. 

Q$ - press -RETURN- subroutine. Input variable. 

R - Intrinsic rate of growth of prey population. 

SC - graph labelling subroutine. Scaling variable. 

ST ' - space flashing subroutine. Lboii s|!ep size. 

T - loop variable representing time interval. 

TA - HGR block erasing subroutine. Loop variable. • 

WRITE - graph labelling subroutine. Flag for text 

statements . 
X - graphing subroutine. X coordinate. 

HGR block erasing subroutine. Starticj^g X coordinate. 
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X$ axes labelling subroutine. X-^xis label. 

XO - axes labelling subroutine. Sarting X coordinate 

of X-axis label. 
X'2( - X coordinates for the two curves. 
XM - graphing Subroutine. Maximum X value. * 
XZ - HGR block erasing subroutine. Width along X-axis to 

be erased. 

Y - graphing subroutine. Y coordinate. 

Y$ - axes labelling subroutine. Y-axis label. 

YO - axes labelling subroutine. Starting coordinate for 

Y-axis label. 
Yl( - Y coordinates for prey recruitment curve. 
Y2( - Y coordinates for predator functional response 
curve. 

YE - equilibrium point #3* 

YM - graphing subroutine. Maximum Y value. 

YS - equilibrium point #1. 

YU ' - equilibriurrt point #2. ' ^ 

Z - HGR string drawing subroutine. Loop variable equal 

to the length' of the string to be drawn. 
ZO - graph labelling subroutine. Flag for printing 

^horizontally or vertically. 
Z3 -'graph labelling subroutine. Variable equal to 

numbers along* axes. 
Z> -graph subroutine. PlSLg to plot line or dot graph. • 
ZG - graphing subroutine. Flag to start plotting line or 

dot graph. 



VARIABLE LIST 



PRED FUNCT2 

COUNT - counter of time intervals^ to reach equilibrium. 
CT - flag to skip mandatory input of new starting prey 
density. 

D$ - Disk Operating. System variable. 

DD - density of prey that generate half-maximal feeding. 
E ' — parameter associated with the amount of increase in 

the rate of detection of a food item with an 

increase in food density. 
H - Loop variable. 
I - loop variable. 
J - storage for previous I value. 
KF - predator carrying cap^acity. ^ 

L- - HGR block erasing subroutine. Length along Y-axis o 

block to be erased. 
L$ - axes labelling subroutine. Axis label. 
PAUSE - PAUSE subroutine. Pause length. 
PS - PAUSE subroutine. Pause loop variable. 
Q$ - press -RETURN- subroutine. Input variable. 
R - intrinsic rate of growth of prey populatj-on. 
S(D - graph labelling subroutine. Scaling variable. 
TA - HGR block erasing subroutine. Loop variable. 
TP* - temporary . storage oJf previous Y coordinate of 

predator functional response curve poiht# 
X - graphing subroutine. X coordinate. 
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X$ - axes labelling subroutine X-axis label. 

XO - axes labelling subroutine* Starting X coordinate for 

X-axis label* 
X2( - X coordinates for the two curves. 
XM - graphing subroutine. Maximum X value. 
XX - storage of difference between the two curves, ' 

subtracted from the X-axis. 
XZ - HGR block erasing subroutine.' Width along X-axis to 

be erased. 

y - graphing subroutine. Y coordinate. 

HGR block erasing subroutine. Starting Y coordinate. 
Y$. - axes labelling subroutine. Y-axis label. 
YO . - axes labelling subroutine. Startine coordinate for 

Y-axis label. , 
Yl( - Y coordinates for prey recruitment curve. 
Y2( - Y coordinates for predator functional response 

curve. 

YE - equilibrium point #3* 

YM - graphing subrouting. Maximum Y value. 

YS - equilibrium point #1. 

YU - equilibrium point #2 

Z - HGR string drawing subroutine. Loop' variable equal 

to the length of the string to be drawn. 
ZO - graph labelling subroutine. Flag for printing 

horizontally or vertically'. 
Z3 - graph labelling subroutine. Variable equal to 

numbers along axes. 
ZP - gt^aphing subroutine. Flag to plot line or dot graph. 
ZG - graphing subroutine. Flag to start plotting line or 

dot graph. - 

VARIABLE LIST 

PRED FUMCT3 

FLAG - curve erasing, curve plotting subroutine. Flag to 

erase hunter pressure line. 
HO - curve erasing, curve plotting subroutine. HGOLOR of 

. to be plotted. 
HO - storage variable -for previous hunter pressure. 
HP - hunter pressure as a percentage of prey density. 
HTEMP T storage for hunter pressure. 
I - loop variable. 

L - HGR block erasing subroutine. Length along^ Y-axis of 

bloqk/to- be erased. 
L$ - axes labelling subroutine. Axis label. 
N - prey population number. 
PAUSE - PAUSE subroutine. Pause length. 
PS - PAUSE subroutine. Pause loop variable. 
Q$ - press -RETURN- subroutine. Input variable^ 
SO - graph labelling subroutine. »#Scaling vaMable. 
TA - HGR block erasing subroutine. Loop variable. 
WRITE - graph labelling subroutine. Flag text statements. 
X - graphing subroutine. X coordinate. 
X$ - axes labelling subroutine. X-axis label. 
XO - axes labelling subj;>outine. X-axis label starting 

X coordinate. 
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X2(^ X coordinates for the two curves. . 

X7 - storage variable fop previous recruitment curve 

jninus HP r.coordinate. 
X8 -.storage variab'le for previous HP .X coordinate. 
X9 - storage variable fop previous recruitment curVe 

X coordinate. 
X - graphing subroutine.*^ Y coordinate. 
Y$ - axes labelling subrjj|itine. Y-axis label. 
YO - axes labelling subroutine. Starting, coordinate for, 

Y-a^is JLabel. 
Yl( - Y cooroinates for prey recruitment curve. 
Y2( - Y coordinates for .predator functiorfal response 

curve. * 

Y7 - storage variable for previous recruitment curve 

minus HP Y coordinate. 
Y8 - storage variable for previous HP Y coordinate. 
Y9 - storage variable for previous recruitment curve 

Y coordinate. 

Z - HGR string drawing subroutine. Loop variable equal 

to the length of the string to be drawn. 
ZO - graph labelling subroutine. Flag for printing 

horizontally or vertically. 
Z3 ^ - graph labelling subroutine. Variable equal to 

numbers' along axes. 
ZP graphing subroutine. Flag to plot line or dot graph. 
ZG - graphing subroutine. Flag to start plotting line 

or dot graph. 
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APPENDIX B 
^ .Predator Functional Response _ 
^^dule Performance Objectives 



1 



Following is a list of the 19 performance object^ives 
d^eloped for the PPR module. Thfe' numbers in parentheses 
preening each objective refer to the postte^st items tl>at 
t^st r%»4that particular objective. . 






PPR Performance Objectives 



\ 



\ 



After\ running the PPR module the student should be able to: 

Gl) f^ecognize the definition of prey recruitment* 

(2) correlate predate^ functional response wi^h prey 
losses\ 



(3) prealct the feffect af\ different predator parrying 
capaciT^les* \ 

^ • ' A 

(^) identify by recognition the shape of a hunter pressure 
'curve* 



(5) predict the shape of the prey recruitment 
the pre$[ growth curve* 



irve, given 



(l8) identify equilibrium points on a pre^ recruitment- 
predator functional response graph. 



(6.^7) identify the stability ypf equilibrium points on a 
prey recruitment-predator f unctionalr response' graph* 



(8,9) predict th^ direction that/a^chosen prey denlsity^vill 
go to approach e(|uilibrium." 

(8) predict the t^lme^^^^tery-d^ involved for a chos^rTprey to 
\approach equilibrium* 

predict the changes in the system due to change in 
the^ number of pred^r^ors. 

(10) Identif y,.>^uivalent points on a prey -growth curve and 
a pre^jKrecrj^tment curve* ^ 

(11) ^;?^dict which point on the ^rey recruitment curve 
re^Wsents^ prey carrying capacity. 



1 
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\ 




. .X 



(12) identify^ the point of maximum prey growth on the prey 
recruitment curve. 




(13-) recognize tne definition of a stable equilibriun^ ' 
point, 

(14) rex^ogrjPfze the effect of hunter pressu^re. 

( 15 ) /re cognize the definition of predator fun5r6ional 
re^on^ • 

identify the curve that is affected by satiation* 



17,20) identify the reasons for the shape of the predator 
:;^runctidnal respond curve., i 

(19)' recognize liow HunJ;er pressure affects prey 
recruitment. . 



\ 
\ 



\ 



. / 
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APPE^bIx b 



Predator Functional Response Posttest 



Following is a copy of the postfcest used ih^the BPR 
module vs» lectmi^e comparison* For the correct resjJonse^, 
pTeaseT^^Ter^-^fee— pagfi^^ B contains the list of\ 

performance objectives which this posttest. test^dHFoju ^ 
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Predator Functional Response 'post test 

i. WhidK of the following best, describes prey recrj^i.tm^nt? 
i -:z^Pn|y births minus: . ' ^ 

a* prey deaths as a function of tlme»^ 

b) prey deaths gis a function of prey "density. 

c) nonpredator related deaths as a function of time. 
d> nonpredator related deaths as a 'function of 

prey density. . • ' - *^ ^ 
e) predator related deaths as a 'function of prey 
derlsity. 



2. Which* bnfe of, the following ^curves represents 
subtractions fnoni the prey population? ^ 
^a) pi?ey recl*ultment -curve. 
^b) predator functional response curv^. 
c) predator numerical response curve. ' 
* • d) • prey growth curve. / . ^ * 

' e) none of the above. 



3. Which of the followlng^ wSuLd resuXt. In the predator 
functional re^sponse curve .leveling' pff .at -a- higher level? 

a) a "decrease in the numbe/^ of hunters. 

b) a decrease in th^ number of 'prey. 

c) /an Increase in predator carrying capacity." 



d/K" an increase in .the number of hunters, 
fe) an in<^ease in the' rfumber cif prey*. - . ^ 



4. Studies have^shown that the' shape ot a , hunter pressure 
curve tends -4:6 bd • ^ / , 

' a) sigmoid. . ' ' " * , *^ . % / ' 

b) ' hyperbolic,. . . ^ * ..Vv^ / . / 

c) ' 'logistic. T ' / 

^ exponent ial. - ■ • ' /' 

■ e) linear* - ' - " * . . ^ ' 
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r rT. ^^j^^^^^^^..^,.^,^^,^^,,,,,^^ 



Item 5 pertains to the following graph:^^ 




PREY POPULATlbN 
GROWTH CURVE 



5. Which one of the following prey recruitment^curves 
cor*responds to the given prey population growth curve? 
a)- , b) . ; 



c) 





e) None of the abov^s 





I 



6. Wheh< only oise equlllbcium point exists in a- 
.recruitment-predator functional response graph ,^ 
equilibrium, point is. ^ ^ 

a) neutral. , ^ , ^ ' ■ 

b) transitory. ' 

c) stable. ^ , • 

d) unstable. ' iSv " ' * ' ■ 

e) none of the abqve. ^^^' 
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Items 7-9 pertain to the) follo.wing graph. 



s 




: 


F ( 


7 


J T 








"NT 


= /a 


1 \ 






/ / 1 

// c i 


1 \ 



?• Point A is 

a) stable. 

b) unstable. » 
• c) neutral. / 

d) transitory. 

e) none of the above. 



,\4 



8. If the prey density of an area is starting at point P, 
it would app^ach a stable equilibrium point in a H * 
^) shorter time than a prey density starting at 
point G. 

• b) longer time than a prey density starting at 
point G» 

c) time interval about equal to that vdiich a prey 

density starting at point G would, 
d-) time that cannot be compared to that of the prey 

density starting at point G. 



9- If the prey density is af equilibrium point J, what 
would be the result of removal of all predators? 
The, prey^-^nsity would: 

a) decrease, to a lower stable equilibrium point, 
ti^crease to an unstable ^ equilibrium point, 
stay at point J because it is a stable 
equilibrium. . ' 

increape greatly dUe to lack of predators, 
increase slightly to the prey carrying cajiacity. 



b) 
c) 

dj 
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Hot^X Uy^tKe^ following graph for questions # 10, 11, 
and 12. 



Prey Growth Curve* 




Prey Recruitment Curve 

f. 

d 




\ 



10. Poipt T on the prey growth cu^ve is equivalent to 
which point on the -prey recruitjnetit curve? • 

a) A • . -.^-^ . 

b) B 

c) C 

d) D . 
'e) The two curves are not related. 



i- » 



11.' Which P9i^t on the givfen prey recruitment curve 
represents growth at the prey carrying capacity? ^ 

a) A ■, 

b) B . 

c) " C . . 

d) D- - 

e) Cannot be determined from the prey recruitment 
curve. 



12. Which po3:Trr~on the above prey recruitment curve Jflost 
closely represents maximum prey population growth rate? \. 
■a) -A • ■ m 

b) ^ ^ 

-c) C . . . 

d) D ' . • 

e) ^annot be determined from' the prey recruitment 
curve. ' • 
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13.. *An equilibrium point is saitl to be stable when the 
prey density will-' 

a) NOT move from that point. • , ^ 

b) change at a* Single, stable , rate* 

c) tend to move away from that point when disturbed. 

d) tend to move toward a neutral point when 
disturbed. ' ; ■ 

e) tend to return to that point when disturbed. 



\k. Increasing teunter pressure has th^ eff feet of 

a) lowering the predator functional response curve, 
lowering the prey recruitment curve. ^ 
raising the predator functional response curve, 
raising the prey recruitment curve". * 



b) 
c) 
d) 




e) none of the a:bove. 



15* The predator, functi^onal response curve represents the 
growth of * . , , * 

a)* the predkt^>r population. 
, b) an individual predator. - " ^ ^ 

c) the pr^y population. ' ' ' ' 

d) hunter pressurp. 

e) none of the above. 



16. Satiation affects which of the Tollowing? 

a) thjs predator functioijal resporjse curve. * 

b) the prey recruitment curve. ' 

c) "the,. prey growth curve. 

*d) the predator population -growth curve.* 
• e) none of the above. - • . 



n. -The predator functional- response^ curve levels off 

,bedause ^ - # 

' ^ a) the. prey j^opulation can grow no larger. 

' b) ^he predat'or population can grow no larger. 

c) the prey response is limiteS. 

d) the predator can eat only so many prey. 
- a) nonev of the^kbove. 
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Item 18 pertains to the following gr^ph. 




^rtjcjpr. ^t%ch'oi\cJ reS/^ov^^^ 



18. On the abuye graph, how many equilibrium points are 
there in thts predator-pfey system? 
a) 1 - * 

■ I ■ 

15 > more than 4. > ' 



19* To account ^or hunter pressure; 

a) divide hunter pressure by prey recruitment. ' 

b) divide prey recruitment by hunter pressure. 
' c) add prey recruitment to hunter pressure. 

d) subtract prey recruitment from hunter pressure 

e) none of the above. 



Item 20 pertains to the fpllowing graph. 



V 



20. .The predator functional re-sponse curve rises rapidly 
between point A and point B beca^use 

there is a rapid increase in, prey density, 
there is 'a rapid increase in predatcrr> density, 
th^i predators switch to the prey studied, 
the predators switch away from the prey*studied. 



a). 
,b) 
c) 
d) 

.e) 



none of the abojf|^^ 



7f 



iiiliiiiiliii^^ 



1.* 
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2. 


D 


3. 


C 


4. 


e 


5. 


c 


6. 


c 


7. 


a 


8. 


b 


9. 


e 


10. 


a 


11* 


d 


12. 


b 


13. 


e 


U. 


b- 


15. / "e 


16. 


a 


17. 


d 


18. 


b 


19. 


e 


20. 





PPR post test KEY 




V 



I 
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APPENDIX D 
Random Di^tsion Program 

4 




" Following is a copy of the Apple mi^v^ocompufcer- program 
that was used to randomly divide the 3L3^0 Animal Ecology 
students Tnto two groups. It worked by associating each 
student^ s name with a random number between zero and one, 
then ranking., these numbers fron( lowest^ to highest.. By a 
flip of a coin it was decided that students associated with 
the lowest 15 random numbers were to be the module group, 
and the remaining students would make xip the lecture group. 
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50' ■ REM RANDOM DIVISION 

60 REM THIS PROGRAM IS DESIGNED TO DIVIDE THE BLS^O 
CLASS INTO HALF 'kANDOMLY. 

100 BIM ST$<30) ,NUMBER(30) > 
'105 -HOME ■ " , ■ 

110 FOR I = 1 TO 30 
•120 READ ST$(I) 

130 NUMBER(I) = RND (I) . • , . 

140 NEXT- • ' 

150 FOR I = 1 TO 29 

160 FOR J = I .+ 1 TO 30 

170 IP NUMBER(I) < NUMBER(J) GOTO 240 

180 X$ = ST$(I) 

190 Y = NUMBER(I) 

200 ST$(I) = ST$(J). ' 

210 NUMBER(I) = NUMBER(J) • , 

220 .ST$(J) = X$ 

230 NUMBER (J)- = Y , . 

240 -NEXT . . . .' 

250 NEXT 

"251 PRINT "THESE STUDENTS WILL REPORT TO HO 

6M"-1105 on \^EDNESDAY at 11 A.M." 
252 PRINT : PRINT 

255 PRINT • • ' • • 

257 PRTNT 

260 FOR I = 1 TO 30 

275 IP I = 16 THEN PRINT : PRINT : PRINT — 

p'RiNT : PRINT : PRINT 

"THESE STUDENTS WILL REPORT TO ROOM 406 

ON WEDNESDAY AT 11 A.M."; PRINT :' PRINT 

277 PRINT ST$(I) - ' , 

280 NEXT 

300 DATA ATMA, BARNEY, BROOKS, DALE, DEMEUSE,HOAG, HOLMES, 
HUNT 

310 DATA HUTCHINGS,KINDBERG,LEDBETTER,LIDGARD,LINSE,L 

' INT0N,MALCHOW,MEALEY 
3 20 DATA ' MOEHRING , N OTH , ONEILL , RI CHARDS , ROSICK , SANCH , T 

APANINEN,TREMAINE 
330 DATA VAUGHT, WHITMIRE,WIARDJ, WILSON, WRIGHT, ZETYE 
340 REM 



^ 
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TH&jSe STUDENTS HILt. REPORT TO 



ROOM. 1103 OH MEONESOftV PIT 11 fl.H. 



BROOKS 
HUNT 
DEHEUSE 
SftMi:H 
LINSE 
HEftLEV " 
NOTH 
2ETVE 
KftLCHOH 
■HHITHIRE 
LINTON 
!^ICH^^ROS 
ROSlCR. 
TfiPflHIHEN 
H0EiHRIHJ3 



/ 



THESE STUDENTS HILL REPORT TO 



ROOM 406 OH HEDNESDflV AT 11. fi.H. * 



' KIHDSERG 
ONE ILL 
HILSON 
HOLHES 
^ BRIGHT 

LiDGi^RD - 
BflftNEV . - 
LEOSETTER 
TREHfilNE 
HOfiG ; 
DfiLE 

UflUGHT 
HJIUHIHOS 



This is the official- division that was used. 
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APPENDIX 'B,-. 
jectur^ Written- Ti'anscipt 



7 



Pollowing is a v^ritten transcript of the lecture giyen 
to the Animal Ecology lectare group. This was made from^a 
videt^^^e of the lecture, which is available upon request*! 
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\ . " iPredator Functional Response 
Lecture Transcript \ 

(NOTE: Begin with roli.call-%) 

* Wow, only three people skipped out. 

What I've got to a6 today is talk to you about my _ 
research for the past few months. We're doing a test, as 
you know, where half the \class is looking at functional 
response disks, or moduleb, upstairs, and the other half of 
the class is you lucky people who. get to listen to me talk 
, for approximately i|0 to 45 minutfes, I don't know. I'll talk 
until about 20 to or someplace in there and then try. and \ 
get some questions in; and theh tne rest of the class is 
going to come down here, and you all are going to take a 
posttest. It will be timed from quarter to unfil noon, \ 
right on. You should get done in plenty of time, though. / , 

OK, my topfc today is predator functional response and 
its relationships to prey recruitment, and since many \ - 
people haven »t heard^ of either one of those things, I have 
to start from the beginning. First I'd like to start by \ 
talking about a prey population growth curve. You've all 
\ seen prey population growth curves, but I thought I'd draw 
\ one out for you anyway, just to give you^ a good start on my 
\ fantastic drawings. ^ ^ , . 

\ (NOTE: Overhead #1 Qf a logistic growth curve is 

"shovm. ) 

This is a prey population groWth curve. As you can see 
at the beginning here it starts 'oxxi with exponential growth 
of the population. (NOTE: The first part of the curve is , 
pointed to.) And at the top it levels off because 
environmental carrying capacity takes over. (NOTE: The part 
of the curve ^at levels off is pointed to^ ' 
^ Now, if you look at this curve, can anyone tell where 

. the population growth is the highest? And tifiat means Where 
the most prey are* added to *the population. V\t what prey 
density would that be -at?. Yell out something. 

(NOTE: Several students . respond with the correct 
t answer. ) ■ ' 

\ OK, alot of people might not notice that, but where 

the slope is the steepest, that's where the prey population^ 
growth is the highest. Sometimes it's a hac^ concept to 
catch, so some fantastic person came up w^h th? idea of a 
prey recruitment curve (NOTE: The prey recruitment curve 
axes on overhead #1 are revealed) where they graph prey 
density as the independent variable alohg the bottom (NOTE: 
The x-ax^is is pointed to) and along the side they put prey 
grawth per time, which is the number of prey added per a 
unit of time. 

I'll show you how these prey recruitment curves come 
about. If you start at a low prey density, &ay here (NOTE: 
a point of low prey density was pointed tjo on the prey 
population growth curve) and you went f6r"^one unit time, , . 

and say one unit time is half an inch along this axis; if 
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you went across, then up, you're only going up a little 
bit, (NOTE: This is drawn on the overhead with a marker) 
like so. Hope that looks OK. My hand's a little shakey 
today, excuse me. \ ' ^ 

So that means at low prey density the prey growth per 
time is also, low, so the point would be somewhere in there 
(NOTE: The corresponding point is:..*plotted . on, the prey 
recruitment curve) on your prey recruitment curve. 

' Now if you went into where the prey growth is >eally, ^ 
high, like in here somewhere (NOTE: The steep part of the 
prey p0p.ulat4.0ri" growth curve is. pointed to)', you're going 
to go up a long ways (NOTE: Lines over one time unit, then 
up to the curve are drawn). V ' 

So if you go. to a medium prey density here (NOTE; 
medium prey density on the prey recruitment curve is 
pointed to) it's going to be very highj growth, so we/11 ^ut 
a point right here j[NOTE: this point is plotted on ^e prey 
recruitment curve) . . 

And then if you go up by the carrying capacitV and do 
the same thing you'JLl have very /low growth again (/NOTE> 
this point is plotted on th^ prey racruitment axes). 

The whole effect ts that a prey rec1?uitmLent /curve is 
shaped something like this> (NOTE: a prey recruVcment curve 



is drawn using the axes Srid plotted points 
overhead. ) OK? 

Not bad, I' hit every point. 'This is a 
ciarve. V/hatt we're talking about is that, I for^got to tell 
you, this prey population growth curve is in /the absence of 
predators at this time. So this prey recruitment curve' is 
also' calculated with no predators around. TMis is how 
they'd grow if there were no predators in 'tne area. 

With this in mind we could define pre/y ■ recruitment as 
all prey births minus nonpredator related/deaths per unit 
t ime . 

* That makes sense because the prey ' recruitment is the 
number of prey added to the population at different prey 
densities. If you're taking all the prey births .per unit 
.time at that prey density and^subtractAng ■ all the 
nonpredator related deaths, then youyl come up with^^ the 
net. gain at different prey densities, 

So now you know what a prey , rec/^uitment curve is. Next 
we go to the predatqrs and start looking at them. You'v^ ^ 
all seen predator niimerical response. That's when the 
predators respond to a change in. prey density by changing 
t^hfei'r numbers. Like with the lynxAhare populations, when 
the hare population goes really fciigh, the lynx population 
starts to follow it. That's predator numerica-l response. 
Pot* today v/e're interested in p^redator functional response. 
What that is is the change in predator behavior in response 
to prey density.^ Predator funqtional response is graphed on 
these axes (NOTE: overhead #2/is displayed - PPR axes with 
PFR definition, written below). These •are the axes that 
predator functional response is usually -graphed on. 
. " PageE^ 
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\ It is the prey killed* per predator, *this is for a 
SljlGLp predator, per unit of time, and it's as a function 
oy prey density. , . . 

I said that predator, functional response is a change , ^ 
in predator- behavior *In\ response to- prey density. That 
predator behavior is the^nJiumber .of prey that predator eats. 

To draw out a* general "shape*;of -a predator functional 
response ciirve, v/hat you do is think about it for a minute. 

At really low prey densities the -predator 's got. to 
lives so he\has to kill nearly: -every, prey he runs in. to 
because he's got to Survive. So th^' ^curve is going to be 
, generally -increasing at^Cirst (NOTE: ;this was pl'otted on 

the axes on the overhead) and then once you get up a little 
' -^ays in the prey density the predator c^rf^only eat so much. 
•Llke^ if he can only- eat f Ive^ pre^ it doesn't matter if 
thej?e are five prey* per acre "or 50 prey per acre. He's only 
, going to kill five and eat them. .So the curve levels off at 
higher prey densities. (NOTE:' This section of the' PPR cjarve ^ 
is plbtted on the overhead.) \ < . ^ 

That ' s. generally the shape of a predator functional 
response curve. It ' s jc^fts tantly increasing li^tiVit hits 
where predators are satiated. That's the term;, predator ^ 
satiation. Then the curve levpls qff. ^ 
\ • This curve is fcr a^ single predator. If you had a 
^^tudy area, like Isle Ro'yale r>or example, where you had* 10 
wolves instead of one^ v/olf. ' Instead of a ^single predato^ ^ 
• jLpu haid' multiple pijedators, a bunch of them. And^you still" 
wanted\to see the predator "functional response ]^urve for 
this. Ybu can so that, too. Next I'Tl. show you ah ^ample^ 
of tliat.. I'll draw -that on the^board.- 

\fe use about .the same^ axes .^You have prey density 
along the bottom again. (NOTE: axes. are drawn on the. 
. blackboard: Thfe X-axis..is labelled- "prey density",) Th§ 
- only difference in the' axes is that this '(NpTE: the Y--axis 
. is pointed at> is pre-y killed by a fixed number of . " 
predators, say 10 wolyes, instead of a single predator. 
That's the difference 'in this, talus' we' re, going to make an 
assumption to show* you a different kind^ of predator ^ 
afunctional response curve. We'll make the assumption that 
these predators have an\ alternate food spurce so that when , 
prey density is really low they can live' on something els.e. 
(MOTS: a studen*t walfes in late.) . % 

So at low^prey djensities the predator is living on 
something else,^ so they don't have to worry about ;tMs prey 
at allt In fact, they don' t^ even, go searching for '•them, or 
anything:. ^So the curve doesn't go up very quicKly, just 
slow and^'easy.* (NQTE:' the ;Low' prey density section of the ^ ^ 
• curve^ is drawo^on the bil^nstcboard. ) 

But at a certain prey density 'tiie .predatprs start to 
notice these pr^^jtxSJ^d they say*^ "These 'look good." They 
learn how to hunt~^em and. they Ifearn tha.t they taste |;ood 
and everything. Sp^ they sort* of l-fearn .how to kill these 
p^rey.and how to'e'at them^and hunt them. ;.5o ' the ' curve goes 
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up very rapidly at a Very small increase in prey density. 
(NOTE:^ the raid--prey dAsity section of the curve is plotted 
on the blackboard.) 

(NOTE: a second student walks in- late. ) 

At^ the top, again predator satiation comes into 
effect, so the curve J/ev^s of f,^ like that. (NOTE: the rest 
of the^PR curve is drawiy on the blackboard.) \ 

This is another type of predator functional response" 
curve, .and this- is for a *fixed number of predators. I drew 
a neater example of this on the overhead. (NOTE:, overhead 
#3. is displayed.) Here's the same type of thing. Nov; if wl 
study the predator^ * and t^e prey for this area, we can put 
the prey recruitment curve on about the same graph and loo^ 
at soiTie relati'onlShips. (NOTE: overlay overhead #^ on #3-) 
This i^ with. prey recruitment and predator functional 
response on thfe ,same graph. Notice the Y-axis' for the blue 
line, which is the prey recruitment curve, is prey growth 
per time, which is prey added to the population. The red 
line, the predator functional response curve, is prey 
killed per time, or prey subtracted from the prey density 
per unit time.. „ i). - , 

If you look at this as a positive line (NOTE":, prey 
recruitment curve is pointed at) and a negative line (NOTE: 
the PPR curve is pointed at), you can find some X^*- 
relationships in the curves. I'd like to talk to you about 
some of them. 

The first one I'd like to talk about a^ equilibrium 
points. Equilibrium points are when the prey additions to 
the population and prey subtractions .are equal. So the prey 
density will stay at one point; it ^^ill not change. We have 
equilibrium points wherever ^the two xurves inters.ect. I'll 
number these. (NOTE: the three eq'uilibrium points on the 
overheads were numbered.) V7e have three equilibrium points 
in this -predator-prey relationship^ If the prey density is 
at any of these three equilibrium p^nts, it's not going to 
move away from that equilibrium point. It will tend to stay 
therie. At least if something doesn't come along: and. screw 
it up. 

Next I'd Tike to talk about stability, of ejuilibrium 
points. For that I'll use equilibrium point numfer one as 
an example. If prey density is right on that po^nt, that 
m^ans prey additiins arid prey subtractions the 
^population are equal; «o^it's going to stay right there. 
But if the prey density is a little- bit b^low equilibrium 
point numbe-r one^ then you'll aee that the blue line, which 
is additions to the population, is higher than subtractions 
from the population, or the functional response curve. So 
if additions to the population are higher than subtractions 
from it,, then you can expect the prey density to -move up 
because you're adding to, the population and the prey 
density. If the prey density is in this area, it's gping to 
-move up to equilibrium point number one and then stop. If 
the prey density was above equilibj;^ium poi'nt number 'one, in 
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this area right^here (NOTE: the area of the graph between 
equilibrium 'points #1 and 2 is -pointed to), then you can ' * 
see that the functional , response curve is higher. That 
means that subtractions from the population arJe higher than 
additions. So the prey density is agoing to movk down.. So if 
'the prey density is in this area,^ it is going to tend t,o^ 
move down to equilibrium point number one. 

So if the prey density' is in the area of equilibrium 
point number one, it is going to tend to move to that 
point. If it moves to that point, that means we call 
equilibrium point number one stable. 

If equilibrium point number one is stable, then by the 
sanje reasoning equilibrium point number three is also - 
stable, because if the prey density is anywhere in that 
area, it will ter^d to move toward equilibrium point number 
three. And equilibrium point number two is unstable by the 
same 'reasoning because^ if anything is in that area it will 
mqye toward one 6r three, not tov/ards two. So that's what 
stability means for these ppints.* ^ 

Another thing we 6an look at is how quickly prey 
density moves to the equi'iibriunl point, or the stable 
point. I guess I'll do that on tY^ board. (NOTE: the" graphs 
for prey recruitment and type Hi PFR are drawn on the 
blackboard.) 

This is our prey recruitment-predator functional 
response curves. A little messy, but...- ' - 

If we're at any prey density you^^an figure out which 
way the p^ey density is going to move'and how fast' it's 
going to move. 

(NOTE: a, third student arrives late.) 

So let's just pick a prey density, say right there. 
(NOTE: a prey density was chosen on the blackboard graph.) 

We v/ant to see which way it's g6ing to move^ first. Is 
xt going to go up or is it going to go down? If we '-re 
there, then we ' re* there then we'r^e here on the curves. 
Since this is. the prey recruitment curve on top, that means 
additions are more than subtractions again. So the prey . 
density>4^ going to tend to increase. 

v¥ know t^e direction. Now we're wondering how fast 
it's going to move to the stable equilibrium, point number 
.three. To do that you 'have to reason this out a little bit. 
You think ^ about it, and you^^y that this difference 
between prey recruitment and predator functional response 
is the change in prey density in a unit of time. ThiSyis 
how much prey density is going to be added in a unit oK^ 
time. I^ this is prey density ' (NOTE: the X-axis,. prey 
density, was pointed to) then all you have to do is add it 
to the prey dfejisity, th^ X-axis, to figure out where you'll 
be for your next unit of time. So if we just take thi$ 
section and lay it oh its side, we'll see where we'll be 
for the next unit of time. (MOTE: this is^ drawn ort t|g^ 
blackboard.) And if we keep- doing that, laying this one 
over, and again, and keep going until you get^to the stable 
^ ' Page ElO 'V 



ERLC 



ss 



equilibrium point, you get a general Idea of how Jfong It^s 
going to take for the prey to get from here (MOTE?: the 
original starting prey density) to the stable equilibrium 
point. You can do that using any prey density and compare^ 
Like if you were here (NOTE: another starting prey density 
is pointed to) you could figure it out how long it would 
take to go that way. That^'s what I wanted to show you with 
that. 

The next thing I-'.ve got to talk about is the .effect of 
predator carrying capacity on this whole system^. If we have 
a fixed number of predators In an area — that's wha't we're 
studying right now with thes^curves — and"^some. 
environ'n\ental change occurs that al-l6ws more predators' to 
live in that area, so we'll still be studying a fixed . 
number of predators, but the number will be higher than 
before. What that does is move this curve up farther 
because more predators can eait> more prey and so the 
subtractions from the prey density are going to be^more. 

I have an example of that. (NOTE: overhead #5 is 
displayed.) Here is a rather radical example of that. Again 
t\ie red ^curve is the predator functional response curve and 
'if you increase the predator carrying capacity quite a ways 
'then the curve Is^rgoing to go up so high tha,t you're going 
to lose your two/equlllbrlum points that were right down 
there. Can anyorte tell me, if that's a stable or unstable 
equilibrium point? * 

(NOTE: several students volunteer the correct 
response.) ' r . ^ 

Very' good ! It's stable bedause down ^lere the prey 
recruitment curve is higher t^n the predator functional 
response curve, so additions are higher, so it's going to 
move up towards the poln«t if it's down in^ this area* And if 
it's up in** here, anywhere up in here, the predator 
functional response curve* is higher. That means 
subtractions are higher than' additions and so the prey ■ 
density is going to move down until it hits that point. 
(NOTE: the equilibrium point is pointed to.) 

So that equilibrium point is stable. That'^s pretty 
much what I wanted to talk about for carrying capacity. 

There's arjother parameter... This is a prett-y .simple, 
and theoretical system. There are -alot of things you could 
add to it. One of the things I've studied is the addition 
of human hunting pressure on^the whole systj^m and seeing* ' 
V7hat happens. 

I'll do this on the board.^ If we have a prey 
recruitment curve for an area (NOTE: a prey recruitment 
curve is drawn on the blackboard) and we want to model in 
human hunting pressure on the prey; studies have been made 
on this and they/ve found that^ human hunting pressure 
pretty much, is a linear function oi;^ prey density. If we 
wanted to graph human hunting pressure, say 2% of the prey 
population, we'd eome up with something like this. (NOTE: a 
straight line graph is drawn over the prey recruitment 
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curve). Now, the prey recruitmejit curve-, if it's prey (. 
births minus nonpredator related deaths, and we say that 
the human harvest are nonpredator related deaths, that 
means that this subtraction could be taken out from up 
here, and 1:he whole\prey recruitment curve vfould be mov^d 
-down a little bit. We'd have a new prey recruitment curve 
that 'takes into account hunting pressure. So If we take a ^ \ 

few points for example. This whole cur-ve would just move 
down, and we'd have a new prey recruitmenrt curve that took ^ 
into account hunter pressure.^ While all of this is going on 
the .predator functional response curve is completely, 
unrelated to WUnter pressure, so that thing is unchanged no 
matter what. (NOTE; a type III predator functi^ohal response 
curve is drav/n over the new prey recruitment cur ve^) 

That Just looks .nice this all along. So thaf*8S^esn' t 
move; no matter what you do ^.to hunter pressure, the 
predator functional response curve stays the same. - 

I was» going to talk about improper management. Now I'd 
like to show you an .example of game management, and 'liow it 
can be improperly- done, ahd whajt tl^e consequences can be to , ^ 
the prey density of an area. Let's say, back to the 
overheads, that yoji're managing an area with prey 

recruitment - predator .functional response curves ^that 'look ' 
lilce this. (NOTE: the upper half of overhead #6 is 
displayed.) Let's say your prey density with no hunting 
pressure at all is at the upper point here. (NOTE: 
equilibriumm point #3 is pointed to.) So you have really ' 
higri'prey density for the area and everything's going along ^ 
nicely. "Jt's at a. stable* equilibrium point and everything. 
\ But you want to get some hunters into your area because 

hunters bring in money, d.nd you always need some money in * * 

the area, it seefns like. So, to help the financial outlook 

of your district you think' about it and say that you'll' 

allow 3% of the prey to be M;aken out by hunter harvest-. If / 

you do that, 'the curves would look like this. (NOTE: the 

bottom half of overhead i6 is uncovered.) The dotted blue. ^ . . ^ 

IJine is. the original prey recruitment curve with no human • ' ' \ ' 

hunting' taken into account. And the solid blue curve, i^ the 

curve with the ^3% ljunter pressure taken into accou'rrt. That , 

doesn't mean you're kKQing the hunters! It rneans the 

hunters are killing 3% olf-^e prey. ^ , ; 

If you look at this yjoiTMjan see that 3% wagn^t too bad 
.because your stable equlllbrlum^^i:^ there. It's only moved 
B, little bit. ,So your prey densitymoyes down to here and 
then stops again. Your prey density hasn't gonfe down very 
rr\uch. 

But let'.s say that you make a mistake and say to take 
out 15% because things laok p.retty good. What could happen , • , 

is this curve. (NOTE: ^fehe upper half of overhead ^7 is ' 
displayed.,) If ttiis dotted line is prey recruitment with no, - 
hunter pressure figured in, and this solid blue curve is * " 

the prey recruitment curve v^it^ 15% of the prey pcfpulation 
being taken out by hunters". You see that' you've lost yoi^r ^ 
, ^ . . ' ; Page E13 f ^ t 
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upper stable equilibrium point completely. You've lost your, 
unstable equilibrium point. 'So if your prey density was up 
there (NOTE: equilibri\im point §Z is pointed to) and 
suddenly switched to this curve, what would happen to the 
prey density? 

. (NOTE: a student gives the correct response.) 



It's 



could make it 
to knock off the 



going to move down because predator functional 
response, subtractions, are so high from the po-pulation 
compared to additions^ that the prey density will move 
alongthat line ujitil it finally gets down to this 
equilibrium point. You can see that this equilibrium point 
is at a low density, extremely low* That 
possible for a Hard winter, or anything, 
prey completely in an area. 

If something like this happens, the first thing that 
most wildlife managers would. do would be to take away the 
hunting pressure and let the prey density move back up' to / 
the upper stable equilibrium point* Then you'd haye lots of 
prey again. Then you could have better management. ' 

But if you do that, there's a problem because... 
(NOTE: the lower half of overhead #7 is uncovered) if this 
was your old curve, and you took all hunting away, you'd 
have this new curve. But the problem is that your old 
equilibrium point was here, and that's where your prey 
density was, and" suddenly you change things around again, 
your prey d^sity is only going to jnove up to the first 
stable equilibrium and it's not going to, move beyond 
So you're not going to get your original ^system back by 
removing hunting .pressure on the prey. That's been a 
problem. That may be a problem with wildlife management 
now.^ They might be able to use these curves •someday, 
they're developed a little better. 

(NOTE: a student ' raises his hand.) 
Yeah, Kyle? 

(NOTE: a question is asked concerning habitat 
improvement to raise the prey recruitment curve.) 

That's a possibility. But most wildlife managers 
believe in curves like, this or use them or even know about 
them. This is Just one .theory on how prey^density can move 



there. 



once 



^* — ^ 
don't 



down and suddenly 
excessive hunting 



can't move back up for 
The thing' is, now, .if 



some reason after 
you have a system 



with an equilibrium point there (NOTE: the lower ^ 

' '*= not going to 
f 



equilibrium 'point 
naturally. If 'you 



is pointed to) it's 



move 
to 



up 

leave it^' to nature it's Just going to \ 
stay there because everything is at a stable etjuilibrium, 
humming along nicely. ^But there are other ways of getting 
the point back up, but you have to intervene and change 
habitat and things of that sort, like 'Kyle said. 
Any more questions? 



I'll ,throw 



in. 

.1^ 



conclusion 
about 



because I'm ahead of 



little 

schedule. What we've talked about,' then, is the 
population growth curve and how we got t^he prey 
curve from that^ Then we talked about the predator 
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functional response curve and hov^ that came about; the 
general shape of it, showing that^ it's generally increasing 
until it levels off due to^preda,J:or satiation* 

We talked about how fast the prey density will 
approach an equilibi^lum point. Vie talked about equiMbrium 
points, if they're- stable or uns.table.. We talked about 
predator carrying capacity and how that changed the 
functional response curve, mov.es it up or down* And we also 
talked about human hunting pressure* Other than that, if 
there aren't any questions we can relax for seven ^or eight 
minutes until the' rest of the class comes down. Then we'll 
take a posttest. 

(NOTE: a student raises his hand.) 

Got a question. Dale? , ^ - 

(NOTE: a question is asked concerning the theoretical 
nature of the curves.) 

These are quite theoretical right now. The curves 
themselves are accepted, but when you put them together, 
there is still alot of theory involved and a lot of 
argument. Like these started in the 1950' s, but since then 
these curves have not been more developed. People have 
accepted Tthem^ from back then and worked with that. But then 
they don't put predator and prey together, usually. There's 
got to be a lot of work done before this is accepted. 

. (NOTE: a question is asked concerning the* simplicity 
of the model. ) 

There are a>-iot of environmental parameters ^tikt 
aren't in this mo(3el, like hard winters and things^^of that 
sort, and different years for vegetative growth. That wpiild 
move these curves all over the* place. There are a lot of 
studies to be done yet. 

Anybody else? 

(NOTE I a question is asked concerning why the prey 
density remains at the lower equilibrium point after 
hunting pressure is removed. ) . 

The curve itself is trie same; it's Just that the prey 
density is stuck down here . bec-ause when you put 9n all that 
hunting pressure the prey density was forced to drop all 
the way down to this equilibrium point, rijght? So that 
means that equilibrium point is right .there when you take 
the hunting pressure off, and these two original curves " 
come about again. So that means that this prey density ,can 
only move up to that stable equilibriuin point. It can^t get 
up to' the upper stable equilibrium. It's kind of caught ±ti 
the big change there. That's the liroblem. 

(NOTE: the iristructor is asked to cover the speed of 
.prey density movement again.) 

(NOTE: the axes and curves are drawn on the - 
blackboard.) 

Yoy have the two curves. If this is the change in 
density per time, the predator funatitJfeal response curve is 
the negative change. The prey recruitment curv^ is the' 
positive chartge. TMen if you take the difference .tiettween 

. ^ Page El 7' 



\ 



„ • 95 



♦ 



the ti/o curves., like right here, you have a section that is - 
the net change. So if you have this net change In prey 
density, then you already know It^s going to go in this 
direction because -prey recruitment is the higher curve* 
Take that length and lay it on Its side on the X-a^is, and 
add it to the prey density^ If this .is the change In the 
. prey density, then you can ad^d that to what the prey 

density was and. get the next time Intervales prey density. 
Like if this time unit is per year, then that would be the 
change in the prey density per year^ So you'd take that 
much, and for the next year you'd be adding this; taking 
the whole thing and laying It on Its side*. You'd come out 
there, and the next year your prey density would be up this 
high. ^ . • • , 

These .curves have been developed from Alaska, the 
caribou, moose herds, andNalso In Canada. 
' (NOTE: hallway noise ts heard.) 

I gather everyone* s t/ere, so if there aren't any more 
questions , -we can get tW^ posttest going. 
( (NOTE: the module-^roup comes in.) 

(NOTE: the tests and computer answer sheets are handed 

bu):. ) 

Please don't start the test until I tell you to. Take 
one copy, of the test and one copy of th,e answer sheet. I'd 
like it dane in pencil If you could get one. The first i 
thing you can do Is put your name on the answer sheet and 
also whfet you did — -If you were up looking at a module or 
here. 

There are 20 questions; you'll have until on the hour 
^ to do this. And please answer on the answer sheet; don't 
write on the te,st Itself. And. notice that the answer sheet 
goes across with the numbers, not down. 

You can start now. 
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APPENDIX P - 
Analysis of Covariance 

The data to be analyzed "^consisted of the posttest . 
scores and final course percentages for 24 students. These 
scores- are listed in Table Fl# ^ • • 

The Olmstead-Tukey *s Corner Test was applied to the 
data for each group, lecture and module V to check for a 
relationship between the jX (final course percentages) ^ and 
the Y (posttjest scores) variables. A relationship was 
Indicated by the corner test. 

".Analysis of covariance was applied to- the data to 
compare the lecture and module group posttest scores. This 

< 

data analysis procedure adjusts the Y variable to the X 
variable (covariate), then compares the mean of these 
adjusted Y values. Table P2 summarizes the analysis of 
^TQ^riance- re.sults'. The calculated F-value was less than 
one, which indicated no sigificant difference between the 
means of the ad'justed posttest scored 'for the lecture and 
module groups.' . ■ ' ■ 
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TABLE PI. 


The raw scores 


for the module and lecture 






groups. 






X 




y 




final class percentage 


posttest Bcore 


module 


lecture. 


module 


lecture 










76 


87 


' 16 


16 


75 


$8 


13 


20 


86 


92 


20 


17 


' 84 • 


91 


18 


•16 


68 


. 75 


9 . . 


11 


98 


6-7 


17 


10' 


72, 


75 


9 


13 


78* 


82 


11 


17 


78 


77 


- , 18 • 


14 


67 . 


80 


15 


^ 17 


79 


- 90 


19 


11 


81 ' 


93 


17 


20 



TABLE P2. Analysis of c'ovariance table. ' 

SS(Y''), MS, -and P. are calculated from the means- bf -the . 

adjusted posttest scores. 



Source df SS(X) SS(y) SP SS(y') MS 

Trtmt '1 126.04 0.00 0.00 8.23 8.23 

Error 22(21) 1541.92 285.33 409.83 176.40 8.40 

Total 23(22) 16^7.96 2£f5.33 409.83 184.63 



P 

0.98- 
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, APPENDIX G 
Ppedator Functional Response 
Apple Program' Listings 



Following are the Applesoft program listings for the 
PPR module. This module consists of four subprograms: PRED 
FUNCT INTRO, PRED FUNGTl, PRED PUNCT2, and PRED PUNCT3. 
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?0 '^^H ['^Rm^SScl^fNTOO IS A SUBPROtSRflH OF PREDATOR FUNCTIONAL RESPON 
29 R^""^^ DESIGNED- BY HARK- SHALTZ, DR. J. D. SPAIN, flND DR. KENNETH KRAH 

: II RlS:TiilS^°RSKs DMED^Iv'tHE SUMIT I COURSEHARE De5S:0PMEHT 
SoJECT, b^ARTWElNrT:. OF BIOLOSICflL SCIENCES, HICHI6»i TECHNOLOSICfiL UN 
• vJtuERSITY,- H0UGHT0Ni-.^^49931. ^-.^ -^^^ • - v ■szr.C^i^' v^- j-^.^/^-^r^- -^-^ 

^£:27^REH^THIS-HRTERIAL:lIS-BfiSED-UP0N HORK SUPPORTED BV .THE NATIONAL -SCIENC 

■,^'j^|^.E'?FOUNDATION . UNDER 6RANT NUMBER SED-7919051. - ■. . . " " : 

:'4.>28^REH ' ANV OPINIONS, FINDINGS, AND CONCLUSIONS OR RECOHHENOfiTIOHS BJPRES 



^SED^.^3rt«THIS PUBLICATION ARE THOSE OF,.THE AUTHORS AND DO NOT NECESSflRI 
IlV^REFLECT the UIEHS OF THE NATIONAL'SCIENCE FOUNOflTION - ■ 

■ cROT.= 0: HCOLOR= 3 




" 149I^SCALE= 4: HCOLOR= 
•"150-2$ \=.."P^ 'ft - -'E. - 
160 Xfi ,= 31:YA = 50: GOSUB 6348 * 
170 POKE 1S368,0 



! 



180 SCALE='2 
' 190 = ."F.U NCT. IONAL .RESPONSE" 
200 XA = 11:VA = 90: GOSUB 6349 
210 SCALE= 1 ' • ^ - . 

^ PAUSE „= 300q: GOSUB 5000 
230 HOME : HGR 
240 UTAB 7 
250 PRINT " 



260 
270 
280 
290 

300 

310 
320 



UTAB 9 
PRINT " 
PRINT " 
PRINT " 
PRINT " 



TEXT : PAUSE = 500: GOSUB 5000 
^THIS MODULE HAS DEUELOPED FOR" 



THE SUMIT I* PROJECT" « ' 
DEPARTMENT OF BIOLOGICAL SCIENCES" 
HlCHIGfiN TECHNOLOGICAL UNIVERSITV" 
HOUGHTON, HICHie^AN 4993141: PAUS^ = 6008: GOSUB 5000 
GOSUB 4050: UTAB 19 ' » . ^ I 

PRINT " PREDATORS DEPEND ON AN ACTIUELV GROWING PREV POPULfiTIO ! 
N FOR THEIR SURUIUflL. IF TOO FEH PREV ARE BORN, . THEN PREDAT ! 

ORS CANNOT SURUIUE." 
330 PAUSE = 1080: GOSUB 5000: UTAB 16 - - 

340 PRINT " TO STUDV THTS RELATIONSHIP OF PREDATORS TO PREY, HE ' 

MUST FIRST LOOK ATTHE PREY IN THE ABSENCE OF PREDATORS." i 
350 PAUSE = 500:^ GOSUB 5800:, GOSUB 5880 

3G0 REM / •. I 
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370 
■ 380 

390 
400 
410 

M20. 
. -'439 
--_440 
V 450 
• r.460 
!,H^;470 
-I' 480 
; 499 
500 
510 
-520 
--r530 
:?540 
--i:559 

570 
580 
. 538 
. 600 
610 
620 
639 
632 
.633 
634 
635 
640 

650 
660 



REM 
REM 



THE. LOGISTIC 8R0HTH CURUEIS INTRODUCED 




X* = "f^HE" 
V$ = " " 

VH* = "50" 
VH^.= URL <:VH$> 
XH.= 109 - ' ; 
Xll=-30 .. 
VI •= 109 ■ 

LVfl = 70 - 

LXfi = 89 ' r 
' HOME : HGR 

PfiUSE = 509: 60SUB 5909,..!. 
60SUB '30600 - V'^Xt ' ;*'^^^t^. 
20-= 1:X9 = 12:V0 = 94:L$^ = 
20 ='1:X0 = 22:V0 = 101:L$ = 
Xfi = 96:Vfi - 112 : 
2$= -100-: 60SUB 6340 
Xfi ,= 148:Yfi = 50 ' - - 

2$ = -fCRE IS RN EXflHPLE" 

GOSUB 6349 - * . : S 

Xfl = 141: Vfl =60 ; , , 

2* = "OF fi POSSIBLE PREV" 
' GOSUB 6340 't',-,;< . 
Xfi = 141:Vfi = 70 
2$ = -GROHTH eiilRUE. " 

GOSUB 6349 
Xfi = 33:Vfl =10 

2* = "PREV POPULATION": GOSUB 6349 
Xfl = 40:- Vfl = 20 

= "GROHTH CURUE": GOSUB 6340 
REM' 




"PREV": GOSUB 30789 
■DENSITV": -BOSUB 30780 




REH" 
REM ■ 



THE LOGISTIC. GROHTH CURUE IS PLOTTED. 



670 2F = 1 ^ 
680 R =^ .1 
690 K = 50 
700 N = .5 

710. FOR T = 0 TO 100 
720 Dl = R * N * <1 - N / K> 
730 N = N + 01 
740.x = T:V = N 
GOSUB 31000 
NEXT 



750 
760 



•770 Xfl = 0:Vft = 129 

730 2$ = " THE POPULATION GROHS UNTIL\iT LEUELS 
flCITV." 



OFF fiT.SOHE CARRVINS CfiP 
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790 60SUB 6348 ^ ■: -"J^^s: ^ 
800 60SUB 5080: HOME' ■ ' " ■ ' 

810 X = 141:Y = 50:X2 = 138:L = 30: GOSUB 5759 
820 HOHE :X = 0:Y = 129:XZ = 279:L = 20: 60SUB 5758 
838 REH'v's- 



--84e-REH -¥.:^7:fi-QUESTlbN-IS~flSKED CONCERHINS THE CURVE ON THE 



^-850 REH , 



>S|.860 Xflf=tl40: Vft = 50r'i''?Co"uNrr= i!tHEH Xfl = 8 
"?^^870 2$.=i"i.-L00KINS AT THISM^^; 




,^^i880 GOSUB 6340 

„^U'898 Xfl-= 148: Vfl = 60: lF-COUNr = 1 THEN Xfl 
>#9e8 Z$i=^GRflPH, HfERE DOES": 6OSUB'8340' . 
t^,910 Xfli=jl40:Vfl = 78:n IF. COUNT =*1. THEN Xfi = 8 - 
~^928,Z$^>TfE.PREY POPULATION": 60SUB 6348 

^J.938 Xfl =-:.140:Vfl = 80s-^IF COUNT = 1„THEH Xfl = 8 i^^d^M^^W^M 
#948 Z$i='"HflUE -TFE HI6}^ST": GOSUB 6348 } - '^^^ - 

\v958 Xfl.>':14e:Yfl = 90: " * ■"'"* 



%;960 Z$ = "GROHTH RATE? 
""^,980 Xfl = ecYO = 129 

=t:999 = " A. ,AT A.LOH PREV tJENSITY.": GOSUB 6348. 
.«1810 XA= 8:VA = 139 - V-- - ■'--•ajrv.^-^^^i .y^^ «V- 0t 
1020 Z$ = B. AT A HIGH ^REV DENSITY.": GOSUB 6348 

1040 XA = 8:VA = 149 ; . U , v,* -^.^ ■>.^-. 

■ _1050 Z* = " C, .SOMEWHERE IN BETHEEM.": GOSUB 6348 : • 
•1880 UTAB 23 ' 
1070 POKE -'16363;© 
1080 INPUT Q$ . «* * 

1090 HOHE 

IF L£FT$ <Q$,1> = "A" OR LEFT* (Q$,U = "B" GOTO 1164 
IF*' LEFT$ <Q$,1) = "C" GOTO 1162 
1110 PAUSE = 508: GOSUB 5898: UTAB 22 
1120 PRINT .PLEASE CHOOSE A, B, OR C 
1140 GOTO 1078 ' 
L162 IF COUNT = 1 THEN HOHE : RETURN 
1163 HOHE : UTAB 21: PRINT "UERV GOOD!"i: GOTO 1168 
1164i<^IF COUNT = 1 THEN HOHE : RETURN 
,1165 HOHE : UTAB 21: PRINT "INCORRECT, "i ' 
1168 PAUSE = 580: GOSUB 5890 

1170 PAUSE = 500: GOSUB 5888: UTAB 21 - / 

1180 PRIHT " THE PREV POPULATION HAS THE HIGHEST GROHTH RATE AT HEDI 

UH PREV DENSITIES." 

1190 PAUSE = 500: GOSUB 5808- 

1200 GOSUB 5080 • ' . , \ 

1210 REH 



1100 
1101 



i 
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1220 REH PREY RECRUITHENT& INTRODUCED. ' 
1230 REH ^'-X . 

1240 HOME :X = 140: V = 59: XZ =139:L = 50: GOSUB 5750 ' ^ ' 

* 1250 X = 0:Y = 129: X2 = 279: L = 30: GOSUB 5750 

.. 1260 ,X0 = 0:Yfi = 131 - = . ■ . • ' 

1270 2* = "TO BETTER SHOH THIS CHflNBE IN 6R0HTH RATE OT DIFFERENT DENSI 
... ■ • . TIES, fl GRAPH ■ HITH THE FOLLOWING AXES CAN BE USED." ^ 
•^1280- GOSUB 6340 . ' . ,^ . 

1300 VH =. UAL (YH*) ..v:"'"^" ' ' t^-'-"^X^\:i: ^''/^-l^c ^a^':^;^ 

■ 1320 X$ = " '■:V* = " CHANGE": GOSUB 30609 ' . - '^!^r'^> -'^^^-if^ 4 
V1330.XA = '198:VA = 112 . - ' J > " ■ '^^^iT ^ nl 
r 1340 2* = "PREV": GOSUB 6349 ' , 7 . • ? 
il,1350 XA = 190: YA = YA + 8 . ) :\'^/ ,1 ^ :/:ifc-^.S's 

■ 1360 2* = ."DENSITY": GOSUB 6348 ' • ' >. ■ ■ .i^f" ^ " " 
1370 Xfl = 256: YA = 112 . " ' .. .::.;^v 'V-- " -^.''."M 

,..1330 2* = "50": GOSUB 6340 ' I' .' > ■ .^ili-- -i' i 

■ 1390 GOSUB 5080: HOHE : UTAB 21 * . -. ' ' • •.^p-?'"-^-^ - 

1400. HOHE :X = 0:Y = 129:X2 = 279:L = 30: GOSUB 5759 ; . J^X.-. .a 

. '1410 GOSUB 4060 • . . ■ vr 

1412 PRINT "ARE THE THO X-AXES THE SflHE?" *■ ' v..,-.^ 

1413 UTAB 24 

1414 POKE - l'63e3,0: IN'PUT Q$: ^SUB 4959 • ■ 

1415 IF LEFT$ <Q$,l\)-< > "Y" flNqn LEFT* <Q$,n < > "N" THEN UTAB ' 22: PRINT 
"PLEASE ANSWER YES OR NO.": GOTO 1419 

. 14l6 IF LEFT$ (Q$,n = "N" THEN PRINT "RIGHT!' "i: GOTO 1426 

1418 PRINT "WRONG. "; . " 

1420 * PRINT "THE X-flXES ARE DIFFERENT. " 

1422 PAUSE = 59&: GOSJJB 4909: PRINT "THE POPULATION GROWTH GRAPH HAS TIME 

ON THE X-flXIS, WHILE THE GRAPH ON THE RIGHTHAS PREY DENSITY. " 
'1424 PAUSE = 500: GOSUB 40S9 

1425 PRINT "ALSO NOTICE THAT THE Y-AXES ARE DIFFER 

■ ^ ENT. " ' - - 

1426 PAUSE = 500: GOSUB 4900. * 
1430 PRINT "DO YOU UNDERSTAND WHAT 'CHANGE' IS ON THE Y-fiXIS OF THE GRfi 

PH ON THE RIGHT?" , , ^ 

1432 UTAB 24: FfOKE - 16368,9: ^FUT Q$: GOSUB 4959 ' " 

1433 IF LEFT* <Q$,1) < > "Y" AND LEFT* <Q$,n < > "N" THEN PRINT "PL 
EASE ANSWER YES OR NO. '^flUSE = 2099: GOSUB 5000: GOSUB 4059: KJTO 14 " 
30 

1434 TEXT , • • ■ 

1435 IF LEFT$ <Q$,1) = "N" GOTO 1450 

1436 UTBB 8 ' ' i . 

1437 PRINT '-'WHAT DOES 'CHANGE' REPRESENT?": PAUSE = 1090: GOSUB 5080 ' 

1438 PRINT 

1439 PRINT "A. CHANGE IN TIME." 



1441 PRINT "B. GAIN IN THE Pf?EY POPULATION." 
_1443 PRINT "C. LOSS IN THE PREV DENSITY." 
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T445 UTflB 15: POKE "-"16368;8:" INPUT Q$ ' ' • 

1446 IF LEFT* CQ*,1> < > "ft" AND LEFT* <:Q*,1> < > "B" RHD LEFT:? (Q$i. 
1> < > "C" TteN UTRB 14: PRINT "PLEfiSE RNSMER ft, B, ,DR C": UTfiB 15 

■ : PRINT " * - ' , ": GOTO 1445 

1447 60SUB 4058:. UTfiB 5: IF LEFT$ <:Q$,1) = "B" THEN PRINT "THfiT'S RIGHT 
. VOU REfiLLV DID KNOW!": GOTO 1458 

•1448 PRINT "THfiT IS INCORRECT." ' . • 

.•1459 UTfiB 7: PRINT "'CHflN^' HERE REPRESENTS GfilNS - IN THE PREV P 

•ii:jf>- opuLfiTioN." ■ - 'i- * v . . -tv . -■ "ii- :-. 

^;;.?i45U_ PRINT- : PRINT "FOR EXfiHPLE, IF THE POPULATION GREH FROM 69 TO 75 

INDIUIDUflLS OUER fiN : INTERUfiL OF TIME, HHfiT IS THE CHfiNGE?" 

;fil452 PR-INT :, POKE ',5:^16368,8: INPUT Q*: PRINT: PRINT • 

%1453 IF-r^LEFT$ (Q$,2> = "15" OR LEFT$ (Q$,5) = "FIFTE" THEN PRINT " UER 
V GOOD!": GOTO 1456 ' / . ". U ' . . 

iM'1454 ,PRINT.:'"THflT'S -NOT CORRECT. " :. . ■:^:-h^:-:>>^i;^^.-::f'-^-r'y..J^ 

^^5^1456 • PRINT : PRINT "THE CHflNSE IS 75 - 69 = 15 . " ' • > " 

^1457-PfiUSE = 508: 60SUB 4880: POKE - 16384,8: POKE - 16297,8 

• If 1489 PRINT - NEXT, BOTH GRAPHS HILL BE PLOTTED fiT THE SAHE TIME TO S 

■^'Mfififcli. - ■ ■■ 



-^55ir«r%r-e HOW -CTHEIR ■-' 'S-^- RELfiTIONSHIP TO EfiCH OTHER." 
t l498 PAUSE = 589: GOSUB 5009 ' ■ V ' vfs'.. 

;fil500 X. = 8:V = 129:XZ = 279:L = 20: GOSUB 5758 ; ' . -::J^n:-Xf- 

. Xfl =^8:Yfl = 139 • ■ ■ . ^ .- ,-<r^>>;-.- - ''c: : 

.X1528 Z* =L":_TO plot: THE CURUES PRESS -RETURN- .": GOSUB 6349 i 
" *!l538 POKE —.16368,8'. - . ^- ^ --^^ ■'.-.^-cT; ' r. c ' . • - 

-.1549 UTfiB 18: INPUT Q* ' '-^-^ " '• ' - ' 

1558 HOHE :X = 0:V.= 139: XZ = 279: L = 18: GOSUB 5759 ' . 

1568 REM./ ■ , •1.'--% - -, • • ■ 

1578 REM PREY RECRUITMENT AND LOGISTIC GROWTH ARE^OTTED SIHULTfiKEOU 
SLV. ■ . ■ . • * V . .. 

4588 rem'. * - 

, 1598 ZF = 1:ZG = 8 ' - 

1688 N-= .5 ■ ' • 

1618 X = 31:V = 39: XZ = 38: L = 69: GOSUB 5759' 

1620 X = 181:V = 39:XZ = 88: L = 69: GOSUB 5758 

1639 IF COUNT < > 8 GOTO 1789 ' , 

1648 XA = 8:VA =149 ■ . 

1650 Z$ = "TIME": GOSUB 6349 

1660 XA = 108: Vfl =':149 

1670 ZS = "PREV DENSITY": GOSUB 6348 ^ 
1688 XA = 238:'W =149 

1698 Z$ = "CHANGE": GOSUB 6340 . * ' ' 

1788 FOR T = 0 TO 188 - ' 
1710 Dl = R * N * ( 1 - N / K) 
1728 N = N + 01 
1738 VH = 59: XI =' 38: XH =188 
1748 IF T > 8 THEN HPLOT X9,V9 
1750 X = T:V = N: GOSUB 31099 
1760 X9 = X0:V9 = V0 ' 
1770 IF T = 0 THEN ZG = 0 . 
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"-1789 YH.= 1.4:X1 = 180:XH = 58 r-v^-^^ ' • • • ";f;^'.- :-* 

1799 IF T > 9 THEN HPLOT X8,V8 

1889 X = N:V = Dl: GOSUB 31888 ^ 
. 1819 X8 = X0:V8 = YQ 

1828 IF COUNT < > 0 6OT0 1928 ■■ * , 

- 1838 .; IF T = 9 OR INT (T / 25> < >• T / 25 60T0^1929 

.'1840 HOME ^ . r ^ - ^'i,^,^ . -y^^..,.^ 

™ ^™ Pf^^^T ^' IN1"<N'* 100) / 100,. INT <Di * 100) / 100 '-'-r:-' : 
1869 PRUSE = 500: GOSUB 5000 - • " . -.-^i!^-. ^^^m^ -'^ 

. :.:1870 IF.T = 25 THEN - PRINT" "NOTICE THAT fiT LOH PREV DENSITY THE ' CHfiNS 
^ . E-I*^ PREY DEI^ISITV IS LOW." . ."fv^^^ 

t880,viF T.= 50 1MEN ..PRINT " THE HIGHEST CHANGE OCCURS ffT* • :''-tr-S¥'l 

' = 7^ THEN iPRINT AT HIGHER PREY DENSITIES THE CHANGE. OECRE ' 

*;Cl^00 PAUSE = 500:^ GOSUB 5900 
- '1910 - HOME -y 
' ■ ^ 1920 NEXT ■ • ' 'f^ -^C'-. • f - :■ 
. V^938 PAUSE = 500: GOSUB 5900 ' - -'■■m:^.. 

^949 >. HOME :X = 9:Y = 149: XZ = 279: L = 10: .GOSU^ 5759" ■ " 'S'l "^i\^;^M 

'^^^® '™i3I'" """^ GRAPH ON THE- RIGHT REPRESENTS ALL PREV BIRTHS MINUS NOH ' 
.«^"TS^T0R DEATHS.- JT IS COLLED A PREY RECRUITMENT CURUE. " . ..-g 
> , 1962 XA =.168:Yfi = 10 . ,v,:<'?^.- ^ • -.d^r. . ^M^^^-^^^ 

1964 2$ = -PREY RECRUITMENT": GOSUB 6349 • • ' • . ' 'p"' --'"f^. .^^l 




1965 XA = ISGrVfl = 20 

1966 2$ = "CURUE": GOSUB 6340 ' " . - ' 

. 1970 PAUSE =-5Q0: GOSUB 4000 . . ' - 

1999 PRINT " . WOULD VOU LIKE TO SEE THE CURUES PLOTTED AGfilN^" " ' 
.2009 UTAB 24 - . , . 

2019 INPUT ■ ' ' : \- ' ' 

2020 HOME jPAUSE = 509: SOSUB 5000 • * • 
- 2030 IF • UEFT$ <Q$,1) = "Y" THEN COUNT = 1: GOTO 1596 ' ' " 

2040 X = 0:V = 9:XZ = 140:L = 11^: GOSUB 5759 
2050 REM - • ^ • 

' pp^ ™^ ^"^"^ QUESTION ASKED EARLIER IS HOH ASKED USIN? A NEH 6R ^ 

2079 REM ' ^ ■ 

2089 COUNT =1: GOSUB 860* ' ' ■ 

2090 UTAB' 21 

. ^L™'-^* ^"^*'^^ = "C" THEN 'print " CORRECT. THE HIGHEST POPULflTIO 
N GROHTHOCCURS AT THE PEAK IN. THE CURUE, SO -C- IS CORRECT. " 
^ 2110 IF LEFTI? <:Q*,1) = "C"^ GOTO 2130 

'2120 _ PRINT " THAT IS INCORRECT. THE HIGHEST ,POPULR-TION GROWTH OCCURS AT 

Jf^^ ^™ CURUE, SO -C- IS THEnCORRECT ANSWER. - 

2130 PAUSE = 2900: GOSUp 5000: GOSUB 5080: HOME 
2140 X = 0:V = 50:XZ = 139rL -59: GOSUB 5750- 

2159 X = 0:V = 129: XZ = 279:J_ = 39: GOSUB 5750 

2160 Xrf = 0:VR = 50 , - ■ • .„ 
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"^170 
2189 
2190 
2288 
2210 
.^2228 
.:'2230 

.•"2250 
:<2260 

-^2270 
2280 

g"2290 
#2300 
^'2310 

■-.2320 
P 2330 
■'-2340 
^ 2350 



Z* = " IN THIS MODULE WE" 

60SUB 6340 
Xfl = Or'i'fi =• 60 «i ^ I 
2^ = "HILL BE H0RKIN8 HiTH'% 

60SUB 6340 ' ' i 
Xfi = 0:Vfi = 70 
Z$ = "teCRUITHEHT CURUES." 

eOSUS 6340 • ^ 

PflUSE = 508s 60SUB 5088: 60SUB 5088 



REH 

'REH 
REH 



THE -RELflTlONSHIP OF tHE PREDBTOR IS INtRODUCED. 





WE'UE LOOKED AT THE PREV IN THE ^ ' ABSENCE OF Pf«DflTOf»" 

ND DEUELOPED THE^ PREY RECRUiTHENT CURUE. " . A , . • . -^W- 
yTRB •i2 „ : - .x^V'.-'-. .... n r-*M ::-^T.;Bi^^^| 
PRINT," - ^..NEXT LET'S LOOK AT THE PREDATORS." : ' ' " .^?^,f:•^; 



2360 
2370 

2375 
2380 
2390 

i2400 
2410 
2428 
2430 
2440 
2450 

-2452 
2454 

2455 
2456 

2460 
2465- 
-2466 
•2470 
2480 
2500 
2505 
2507 
2510 
2520 



.•I 



PRINT, " - ^..NEXT LET'S LOOK AT THE PREDATORS 
PAUSE = 500:- edSUB 4000:" 'UTfiB 12 ' ~ • . /. .t :- . iCpi^^^Sj:, i-"?. 

PRINT - A SINBIX PREDATOR HILL KILL AND EffT ASCERTAIN NUHBER OF T 
HE PREV AUAILABLE IN A 6IUEN AHOUNT t)F TIHE. . . 
PAUSE = 500: 60SUB 4008: H6R ' 
PRINT HE WILL .PLOT PREV KILLED PER PREDATOH ('PER UNIT OF- TIHE> AS 
A FUNCTION OF PREV DENSITy:-" . ' .. - ■ v 

chiflRT ■= 1 . '• • . . • _..r;.;; „ 

= "PREV DENSITY" :V* = '»PREY KILLED/TIHE" . ' 

^= "50":VH = UAL <VH$) . . - - , ' ' 

XM = 50 . • , 

XI = 50 • • • 

VI, = 129, • , ..... 
LVA = 115 ' \ • 

LXA = 125 - * ' 

60SUB 30600 • 
PAUSE = 508: BOSUB 4809 

PRINT " AT LOW PREV DENSITIES A PREDATOR HILL TEND TO KILL AND CONS 
UHE NEARLY EUERY PREY IT ENCOUNTERS. " 
PAUSE = 500: 60SUB 4008 ' 

PRIN-T THE CURUE AT LOW PREV DENSITIES; THEN, HILL BE CONSTBNTLV IN 
CREASIN6. flS HOR^ PREV BECOHE flUAILABLE, HORE'ARE KILLED." ~ 
ZF = 1 . ..- , 

^ HPLOT 50,129 

A = 50:B =7 ^ 
FOR T ="0 TO 50 • . * - 

V = A*T/(T+B> 
X = T 
IF T = 7 GOTO 2530 
IF T. "23 GOTO 2595 
GOSUB 31080 . .. 
NEXT 
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' 2525 
■ 2538 
2568 

2578 
2588 

"S.-2598 
:S'-2595 
- 2688 

if 2618 
^1^2628 

■^2648 

2658 

;|'2668 

"2665 
.':2678 




no 2628 



PfiUSE = 508: 60SUB 4008 

PRINT rfiS PREV DEHSITy INCREfiSES, THE PRfeDflTDR SPENDS UESS TIHE SEm 
CHIHB FOR PREV RNQrf^ORE TIHE EflTINS. ITS KILL." . -\, I 
PflUSE =.580r 60SUB 4889 '~ ■ -^"T '> 

.PRINT " THE RHiECT IS J\\fiT THE CURUE BE6INS TO LEUEL.OFF OS THE PRED 
RTOR SPENDS LESS- TIHE SEflRCHINB FOR PREV." ^ 1.. .-.^^jr ... . .^r 

PfiUSE p 500r.6osuB ^80r 60TD 2510 . • • m^^, .■■"; ;::^v 

RfiUSE.-= 500:-.:6OSUB-- 4000 - •• ' ■-' • ■ -'^J^'^.'^i^i^' - v •i-.i,-'. -.w-ji^ 

PRINT - THE CURUE LEUELS OFF OF UERY HIGH PREV DQ^SITIES.DUE TO TWO ' -''l 
FRCTORS: -^r-c?;;^ iMZWi 



2688 
2698 

2708 
, 2710 

2728 

2738 
^*2740 

2750 

2769 
2778 

2788 

2785 
• 2786 
. 2787 

2738 
2808 

2818 
2828 
2838 



PRINT -SfiTimriON REFERS TO THE FfiCT THAT , 
LV SO HRNV PREV,\ EUEN IF MORE fiUfilLRBLE. " > " 
^ PRINT "(THE PREDflTOR 6ETS FULL. >" * 
PflUSE = 580: 60SUB 5000: UTRB 23: 'INPUT 
COHTINUE";Q*: , UTflB 23: , PRINT 

BOSUb 4060: UTHB 17 - .,f^-'c«ga:^ai^ffi^ 

PRINT " BUT THE CURUE flLSO bEUELS OFF BECflUSE~ THE PRSmTGR SPENDs' L 
ITTLE TIHE - S SEflRpHINS. IT , IS HfllNLV USINB ITS .TIHE CONSUHINS^' 

■ EflCH KILL IT HflKES. " ^ 

PflUSE r 500: 60SUB 4880r POKE - 16304,8: POKE 
.PRINT~"THIS IS GALLED fl 

RESPONSE CURUE." ' . . .; 

Xfl = ,G5^Vfl = 0 ■ » V 't: 

2* =.-rPREDflTOR FUNCTIONflL": 60SUB 6348 
Xfl = 82iVfl = 10 ■ ^. 

= "RESPONSE CURU^": «OSUB 6348 
PflUSE = 500: 60SUB 4000^ 

PPINT " IT REPRESENTS THE NUHBER G(= PREV 
L KILL flS ' fl FUNCTION OF PREV DENS I TV. " 

PflUSE = 588: 60SUB 4888: H6R t TEXT : UTflB 7 . - . 

PRINT ■ THE PREDATOR FUNCTIONflL RESPONSE CURUEIN THE IREUIOUS EXflHP 



16297^0 

PREDATOR FUNCTIONflL 



A SIN6LE PREDATOR NIL 



PRESS -RETURN- TO CONT 



LE HAS FOR fl SINGLE PREDATOR. " 

PAUSE = 500: K)SUB 5000: UTflB 23: INPUT 
INUE";Q* 

UTflB 23: PRINT " 

UTflB 11 

PRINT " BUT IN NflTURE NE'RE USUALLV INTERESTED IN A POPULATION OF. PR 
EDflTORS IN flrt ARfeA^NOT JUST A SIN6LE PREDflTOR. " " ^ 

UTflB 15 •' ^ 

PRINT "PREDflTOR FUNCTIONAL RESPONSE CAN ALSO BE LOOKED AT FOR 

fl POPULflTION OF PREDflTORS. " 

PflUSE = 580: 60SUB 4888 

UTflB 10 

PRINT " LET'S LOOK AT THE FUNCTIONAL RESPONSE FOR fl POPULflTION OF P 
WEDOnrore AND THEN- EXPLORE THE RELflTIONSHIf^ TO THE PREV RECRUIThjEN 



T CURVE. 
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"2848 UTfiB*2l:' PRIHT*- <R:EfiSE BE PfiTIENT. PROGRflH LOflOINS.)- 
3808 REM 



3810 REH 
■ 3820 REH ,^ 

- 3830 =■•' CHR* 
::=,3840 .: PRINT 
3858 Efff) 



THE SUBPROSRflH PRED RJNCTl IS RUN. 
PRED FUNCTl" 



.F40e0_REH*... /, 



'4895: REH?^ W^*^ 

4996 • REH txxixxtxxixxxxiiixr 

4997 REH *** SUBROUTINES *** 

4998 REH xxxxxxxxxxixxxxiiix 

.5000. REH 



•010 REH,; 



5820 REri 
5030 REH 
5040 REH 




:^t4010 REH j; PfiUSE, RETURN* PfRJSE, UTJJB SUBROUTINE. 

m020^^REH,V* , - • - 

m4030 , 60SU8 5000 
•'1^-4840 :: 60SUB 508& 
^^4058- HOHE 

4068 PfiUSE = 580 
"ii4070 UTflB'21 
':4080 RETURH 
, .v,4081 . REH 



PAUSE SUBFPJTINE- 
UflRIfiBLES TO BE PROyiDED: 
D « LEN6TH OF PAUSE. 



5050 FOR PS = 1 TO Pfll/SE 

5060 NEXT 

5065 RETURN ^ 

5070 REH 



5080 
5090 
5100 



REH 
REH 
REH 



5105 POKE - 
5110. UTflB 24 
5120 INPUT *• 
5130 RETURN 
5750 REH 



PRESS -RETURH- SUBROUTINE. 

16368,0 . ^ 

. r PRESS -RETURN-' TO CONTINUE" 



i 
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5760 REH SUBROUTINE TlfflT BUiCKS OUT fi RECTRN6LE ON THE H6R SCREEN. 
5778 REH -UflRIRBLES THAT HOST BE PROUIDED- 



5789 
5798 
■ 5888 

Ssie 

5828 

5830" 
5848 
5850 
-5868 
T5870 
.5888 
6240 



REH < 
REH 
REH 
REH . . 
REH 



X = STRRTIN6 X COORDINfiTE 
V = STRRTlNe V, COORDINATE 
XZ = LBM6TH OF «ECTftf«LE fiLOHG THE X fiXIS. 
L = HIDTH OF RECTflNOLE flLONS THE V AXIS. 



HCOLOR= 0 . 54'--^ 

FOR TR = 8 TO L - — ^ 
HPLOT X,Tfl + Y^TO X + 



NEXT TO 
HCOL0R= 3 
RETURN 
REH 

6258" 
,6268 




REH ^ SUBROUTINE THfiT DRmS B STRING OH THE H6R SCREEN 
REH -UfiRIflBLES THAT HUST BE PROUIDED- 



Xfl = INITIAL X POSITION 
Vfl - INITIAL V POSITION 
2* = STRIh«, IN QOUTOTIOH HflRKS 



6270 REH 
-6288: REH 
6298 REH 
6300 REH 

\ 6310 Vfl'= 0: HOME :H6R ; 
• 6320 Xfl = 0:VB = Vfl + 10 

6340 FQR'Z = 1 TO LEN <Z3f> 

6345 IF Z-= 1 THEN 6360 
• 6350 Xfl = XB V 7 

6360 Z2 = ■ BSC ( HID* (Z$,Z,.1>> , 
. 6370 IF ZZ > 32 THEM 6428 
^^'^6380 IF ZZ < 2 JHEN 6410 

6390 IF Xfl < 279 THEN 6478 

6400 Xfl = 0:VB = VB + 18: 6OT0 6470 

6410 PLB6 = FLR8 -h l'sXfl = Xfl - 7: 60T0 647p 
^ "6420 IF INT <FLfl6 / 2> = FLfl6 /. 2 THEN 6448 

6433 ZZ = ZZ - 64 

6440 IF Xfl < 279 THEN 6460 

6458 Xfl = 8:Vfl = Vfl + 18 

6468 -^DRflH ZZ BT Xfl, Vfl 

8478 NEXT Z 

6488 RETURN " 

6481 REH ' * 




30608 REH flXES flNO UNITS FOR GR flPH Sx^^xxxxxxiirxxiiiix 

, XXHXXXXIXXXIXIXXXXXXIIXXXXXXXXXXXIXXv t XX ***^.;f^> 

30610 REH SUBROUTINE DEVELOPED BV J- SPAIN . . . HICHIGBN TECH UNIU 

30620 REH DEFINE X*=UNITS ON THE X AXIS 

30630 REH DEFIjH^V*=VfiRIflBLE PLOTTED OH V. fl>?IS 

30640 REH DEFINE VH*=HflXIHWI UNITS^ ON THE V flXlS • 



38641 REH 
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38650 HCOLOR=' 3 

39668 HPLOT Xl,Vt - LVR TO XI, VI TO XI + LXfi 
^ ^ .LflBEL X AXIS RS REQ. 36 CHflR.HflX 
^ .39688 REH fX*;^= -8 -^^XfiXIS ,i 188- ETC. 
•V ,,438698 28 = 8:Lr= X$:Xei=:Xl + 7:V8 = VI + 8 
• ,-38788;-r60SUB-3878» -^^T:-^ 
;38718 -REHTmBO: V flXIS^flS REQUIRBD " 
^^"38728 29 = l:Lt = Vf:X8^1 -,8:V8 - VI - 2^ 
*^7^ i 60SUB 38780 -4^^^ j - ,jt^i -^.4 



9,V1 




jt3973S^IF CHflRT =1 60T0p8755 




'138760- DRflW 48 AT XI £i_18,Vl - 4 
.-if|38770^'REnJRH T 

^38788 :^ REH -fmifiNUHERiEcmRflCTERS FOR H6R 
REM :THE F0LL1DHIN6 HUSt BE DEFINED ' 
REH ^BEFORE EWTERIN6* THE SUBROUTIHE 
REH ^i'L*>= -CHflRfiCTER STRINS*. 




-t 



-^^,38828-. 
i'j^38838 
38848 
•^-?38858 
; 38868 
30870 
r. 30888 

30890 
30980 



:.V8t= THE IHUIRL V POSITIOM 



'*^X8:= THE INITIRL X POSITION 

SET 28 = 8 IF PRINTING H<»?I20HTnL 



^REH 
REH 
REH 

REHu SET 28 = 1 IF PRIHTINB UERTICffliv 
FOR 2 = 1 TO LEH (L*>:23 = fiSC ( HID* CL*,2,1» 
IF 20 >'0 THEN eOTO 30900 ' - ' ' ' 

IF 23 >-64 THEN^;; DRfiH 23 - 64 OT X0 + C2 - 1 > * 7,V0 - 5:'(60T0 3833 




DRAM 23 AT X0 -KCZ - 1) *-7,V0 - 5: GOTO 30930 
ROT= 48: IF 23 > 64 THEN DRAW 23 - 64 AT X0 - 5,V0 



'I ^ - 



30930 

30910 IF 23 < . 33 THEN GOTO 38938 . 
30920- DRAW 23. AT X0 - 5,V0 - <2 -' 1) * 7 
30930 ROT= 8: NEXT 2 
30940 RETURN 
31880 REH 



(2 - 1> * 7: GOTO 



31810 REH 
31820 REH 
31838 REH 



SCALE AND PLOT POINT FOR DEFINED X AND V 
FOR LINE PLOT HAKE 2F=1 



31840 X0 = XI + X * LXA / XH 
31058 V8 = VI - V * LVA / VH 

31860 IF X0 > 279 OR X0 < 0 OR V8 > 149 OR V8 < 0 GOTO 31080 
31870 IF 26 = 1 THEN HPLOT TO X0,V0: GOTO 31080 
31875 HPLOT X8,V8\ IF 2F = 1 THEN 26 = 1 
31880 RETURN „ • 
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5 REM. f RED FUNCTl • — - • T . • •-■ • ■ 

10 REH . -PRED FUNCTl IS fl SUBPROGRflH OF PREDRTOR FUNCTIONfiL RESPONSE. - 
12 REH * PROSRflHHED BV jMflRK SHflLTZ • • 

15 REH THIS PROGRflH WAS EEUELOPED BV THE SUHJT I COURSEHflRE DEUELOPHENT 
PROJECT, DEPfiRTHENT OF BIOLOSICflL SCIENCES, HICHISflN TECHNOLOSICflL UN 
IUERSITV> HOU6HT0N,*HI 49931. -) " . -■ : 

* ^ REM THia HflTERIflL IS BASED UPON WORK SUPPORTED BV THB'WfiTIONflL SCIENC 
- E FOUNDflTION UNDER SRflNT NUMBER SED-7919051. I . . " 

-25 REM flNVj OPINIONS, FINDINSS, fiND CONCtUSIONS .OR RECOHHENDRTIONS EXPRES 
SED IN THIS PUBLICfiTIOH ORE THOSE* OF THE AUTHORS AND DO NOT NECESSARI 
'rX.LV REFLECT THE.. UIEHS OF THE NATIONAL SCIENCE FOUNDATION. ' .,. . ! 
180 DIM VK101),J<2(:i01),Y2(:i01) " . . . .-.--m:. 

110 X* = "DENSITV .OF PREV POPOLfiTION'^ .-...^^.-^^^^^..ma ^ 

...120 V* = "PREV SROHTH / TIME" 
'125 UTAB 21: PRINT " V : , - 
;.:I130 PAUSE ^ .500: 60SUB 4500 , F. r ::;;^^.;^vl-'^^-^":^..-^'i'-i|£W 

134 PRINT " "FIRST WE'LL GRAPH THE PREV RECRUITMENT CURVE FOR. THE PREV. OF," % 
" AN AREA. " ■ " ' . . ,J> - J- .^i;„X ^.,3£^^B4"^ 



150 REH '■v'Ki^i- '"'i y *''"^ -^--."i?-, 

160 REH THE^GRAPH. IS DRAWN AND LABF " ~ -w, s... ... ^ .- . -.^^^.v^^oj 

170 REH _w-^jr^|v; • ■ '^ri^-'-^^r^K'^'m^mf.mm^^^ 




♦480 GOSUB 5280. 




190 WRITE = 0 • • • . . ♦ • • - ■ 

260 ZF = 1 ■ ' 

290 REH . . ■ . - , , . .. • ■ . r 

300 rem; THE PREV RECRUITMENT CURVE IS DRAWN. ' - ' ^ . ' ■ *. 

310 REH " ' " • ' V 

■>..•■ • • * 

320 HC0LOR= Z ' 
330 HPLOT 23,149 

340 FOR I = a TO 100 ' ^ < .' 

350 READ X2CI),Vl<:i>,V2<:i> " ' • ' « t 

360 HPLOT T0X2<I),VKI> 
370 NEXT 

380 PAUSE = 1: GOSUB 4500 

4-20 PRINT " VjWS CURVE REPRESENTS THE CHANGE IN PREV DEHSITV RESULTING 

FROM ALL PREV BIRTHS MINUS ALL NON-PREDATOR DEATHS." 
430- PAUSE = 500: 60SUB 4500 . " 
460 REH 

470- REM PREDRTOR FUNCTIONAL RESPONSE IS INTRODUCED. 
480 REH 

490 VTAB 22 • 

510 ' PRINT " NEXT, THE NUHBER OF PREV EATEN BV fi FIXED NUMBER OF PREDflT 
ORS IS GRAPHEE. " vi, 
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528 
530 

548 
559 
^568 
578 
588 
-598 
628 
638 



PAUSE .= 1888: GOSUB 4508:' UTflB 22 
PRINT FOR THIS SRflPH THE Y-flXIS IS THE 

V THE. PREDATORS." 
PAUSE = 4808:. 60SUB 5888 - 

HCOL0R= 5 ,/ . 

L$ = "PREV EATEN-^ TIHE":X0'= 8:Y8 = 148: GOSUB 5458 

xe =1: GOSUB 5450 , . ^w.^:-.:;.*^,. ^ 

-HCOL0R= 3 -:^^<.;;^',-"■^:r^'l-^:t^:-r.•':" 

— 6OSUB-4540---:-;.-S-:;;^i.- - i-.-.- 4^^^-^" .; - - 

YH = 159' '^i^ -i^^?::- • v-^.^; <^-i^:'^- 



NUHBER OF PREV EATEN 6 




IF COUNT = Y.THEN'^HCOL0R= 8: DRAH 49 AT 38,124=; DRAW 58 AT 184,48: DRAH 




748 
758 
768 
778 
788 
798 
888 

818 



B28 

838 
B48 

868 

870 
888 
898 
900 
910 
920 
930 

940 



PAUSE = 500 
FOR N =, 0 TO 108 
IF COUNT > 0 THEN GOTO 880 

IF N = 5 OR N = 12 THEN HONE : UTAB 21: GOSUB 5080 , _ . . . 

IF N = 45 THEN HOHE : UTflB 22: GOSUB 5000 ^ ' . 

- IF N = 5 THEN PRINT " AT UERV LOW PREY DENSITY THE PREDATORSTURN TO 
OTHER SOURCES OF FOOD AND THERE-FOR CAPTURE FEW PREV." 
IF N = 12 THEN PRINT " AS THE PREV'DENSITV INCREASES, PRED- ATORS 
RECOGNIZE AND CAPTURE PREY MORE EFFICIENTLY, SO THE CURUE INCREASES 

SHARPLY. "J , 1 _ 

IF N = 12 THEN PAUSE = 3000: GOSUB 5008: PAUSE ^ 1000: INPUT " PRESS - 
RETURN- TO CONT";Q$ 
IF N = 12 THEN HOHE 

IF N = 45 THEN PRINT." - PRtDATOR CAPTURE RATE LEUELS OFF AT HIGH P 
REV LEVELS DUE TO SATIATION.": GOSUB 5888: -HOME 

IF N = 65 THEN UTAB 21: PRINI^" ALTHOUGH PREY DENSITY IS NOH UERV HI 
' GH,THE PREDATOR FUNCTIONAL RESPONSE INCREASES LITTLE. " . 

IF N = 5 THEN GOSUB 5080: GOSUB 5089: HOHE 
.HPLOT TO X2<N),V2<N> . . , 

NEXT . . ' 

GOSUB 4548 • . - ' 

IF COUNT > 0 GOTO 2418 - . " 

GOSUB 4550 ' 
PRINT "RECALL THAT THIS FUNCTIONAL RESPONSE CURUE IS FOR A FIXED N 

UHBEROF PREDATORS." 
PAUSE . = 500: GOSUB 4500 v . w,"-. . w. w v.v'^va • .t,A,:,..f4:,,&v*3..i-!,c 
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"EPRESENTS RDDITIONSTO THE PREV POPULATION." 
^1830 PAUSE = 1600: eOSUB 5800: UTflB^4 , . ~ . - ■ -^.z 



876 REM THE IDEA OF POSITIUE AND NEGATIUE GRAPHS IS DISCUSSED- 
977 'REH . ' • 

880 -TEXT : HOME : PAUSE = 500: GOSUB 5000 " \ 

990 UTAB 7 , ■ v 
1000 PRINT " BOTH OF THE CURUES JUST GRAPHED EXPRESS CHANGE IN THE 

PREV DENSITV. " - - • . J '-^ " ^ / 

1010 PAUSE = 1000: GOSUB 5080: UTAB 1-0 : j Hv'i-IS.'vc' ■ 

>ie20 PRINT " THE PREV RECRUITMENT CURUE IS .- . ^POSITIUE BECAUSE ^IT R 

1049 PRINT " THE PREDATOR FUNCTIONAL RESPONSE ' CURUE IS NE6ATIUE BEC ' 
-rt#"'^ flUSE IT REPRESENTS SUBTRACTIONS FROM THE PREV POPULATION. !' ' i- t ^ 
,M850 PAUSE = 500: GOSUB 4500: POKE - 16304,0: POKE - 16297,0 
-1090 PRIJfr "IN THIS PROGRAM, POSITIUE CHANGES HILL BE GRAPHED AS A HHIJE 

LiylE,. AND NEGATIUECHAN6ES NIUL BE QOLORED <0R DOTTED / _ 

'^1100 PAUSE = 1000: GOSUB 4500: UTAB 22: POKE - 16368,0 .. ^i^i^/^s^V 
, 1110 HOME : UTAB 21 
^-1140 -REM .^^i. -•- 

1150 REM A QUESTION REGARDING THE NUMBER OF. EQUILIBRIUM POINTS IS ASK 

> ED. * 
.1160 REH . 

1165 "INPUT " 'THIS IS AN EXAMPLE OF A ~ HULTI-EQUILIBRIA SVST 

EH. HON HANV ^ EQUILIBRIUM POINTS ARE THeRE?"iQ$ . 

1170 IF LEFT* <Q$>1) = "4" OR LEFT* <Q$,2> = "FO" GOTO 1172 

1171 GOTO 1180 ^ - 

1172 GOSUB 4550 * - . 

1173 PRINT "VOU ANSWERED 4, BUT 3 iS THE CORRECT ANSWER." 

1174 PAUSE =1000: GOSUB 4500 - / 

1175 PRINT "POSSIBLV VOU COUNTED <0,0> AS AN EQUILIBRIUM 'POINT. <0 
,0) IS NOT USUALLV INCLUDED." ' ■ 




1176 GOTO 1210 • 
.1180 ■ IF LEFT$ <Q$,1) = "3" -OR LEFT$ <Q*,3> = "THR" -GOTO 1238 
1190 GOSUB 4550: UTAB 22 - • 

1200 PRINT " EQUILIBRIUM POINTS OCCUR WHERE THE TWO CURUES INTERSECT. 

1210 PAUSE = 1000: GOSUB 5000: GOSUB 5088 ' v 

1220 GOTO 1110 . >' • " •• 

1230 GOSUB 4550 " ' 

1280 PR^NT " THAT'S CORRECT. THERE ARE THREE EQUILIBRIUM POINtS, 0 

NE AT EACH . INTERSECTION." 

1270 PAUSE = 1^00: GOSUB 5088 
1288_ .HeOLOR= 3 
1298 DRAM 49 AT 38,113 

1308 DRAW 58 AT 88,43 # 

1318 DRAH 51 AT 198,36 

1328 PAUSE = 5885 GOSUB 4588: UTAB 22 . 

1368 PRINT " AN EQUILIBRIUI? POINT CAN BE STABLE OR UNSTABLE. " 
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'1370 60SUB 4549: UTflB 22 ^^ 
14i0 PRINT " flS AN EXflHPLE, LET'S LOOK RT 



1428 PAUSE = 1090: GOSUB 5890 
1430 FOR -I = 1 TO 6 
> 1440 HCOLOR= 0 ' 
.1450 DRflH 49 AT 38,113 
1460-PAUSE = 500r- 60SUB 50e&- 
. 71470— HCOLOR= 3 " 
• ' 1480 DRAH 49 AT 30,113. 
=^^^1490 --GOSUB 5000 v;: .^;: J - 

.Misee i next .^.^iJ&.:^t2S^f§ 

!^il510 "REH 




EQUILIBRIUM POINT # 1 . 




1528 REH^ £^EQUILIBRIUH-POINT #1 IS USED IN R SIHULOTION RESfWDING StftBI 





tf:1540 PAUSE = 500: 60SUB 4500: UTAB 22 

>V 1570. 'PRINT "IF THE^PREV DENSITV IS BELOW POINT #1, ADDITIONS TO THE PREV 
; VT^^'DENSITV (WHITE CURUE5.ARE 6REATER THAN SUBTRACTIONS FROI+ IT <C 

* ; - OLORED -CURUE ). "« " . - 
^1580 , FOR -1 = 1 JO VS 
1590 "HCOLOR^ 3 ' 

Jf600 HPLOT X2<:i),Vl<:i) TO X2(I),V2<I) 
1610 NEXT - V 
1620 HCOLOR= 5: HPLOT 23,149 
1630 FOR I = 0 TO VS 
1640 HPLOT TO X2<I>,V2<:i> 
"1650 NEXT . • ' 

1660 .HCOLOR= 3 
1670 PAUSE = 2008: 60SUB 5088 
1680 POKE -• 16368,0 
1690 Hiff>UT " PRESS -RETURN-" iQ$ 
1700 60SUB 4550 , . 

1730 PRINT " THE NET RESULT IS THAT THE PREV 
IL IT REACHES EQUILIBRIUM POINT #1 ." 

1740 PAUSE = 500: GOSUB 5000 
1?58 A = 0:B = VS:ST = 1 . 
1760 60SUB 4000 
1770 HCOLOR= 5^ j 
1780 HPLOT 25,149 
1790 FOR I = 0 TO VS ^ . 

1800 HPLOT TO X2<:i>,V2<I> 
1810 NEXT 
1820 HCOLOR= 3 
- 1830 PAUSE = 1: GOSUB 4508 
1870 PRINT " IF THE PREV DENSITV IS JUST ABOUE 
S < COLORED CURUE) ARE GREATER THAN ADDITIONS 



DENSITV INCREASES UNT 



POINT #1, SUBTRACTION 
(WHITE CUR 



1880 



UE)."i 
FOR I = 



VU TO VS. STEP "r-. 1 



''I 
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1890 HCOLOR= 3 ^ "' 

1988 HPLOT X2<I>,V1<I) TO X2<I>,V2<I) 

1918 NEXT 

1928 HCOLOR= 5: HPLOT X2< VU),V2<VU> 

1938 FOR I = VU'TO YS STEP - 1 



»1948 HPLOT TO X2< I ),V2< I > . • . = . 

1958 NEXT -aj;-...^- ' . ■ .■ ■ -^^^r.^:^.": m - W^^-^ 
1968 HC0L0R=3 * * -•• --. -V.' ■ '^^^ - . v^^.^f^J,v;^■• 
-^978 PflUSE =' 1689: 60SUB 5888 .... .; . . • : ■ . 'i 

1988 POKE-- 16368,0 > " ' - - w- -i'^m^^i 

rl998 INPUT ." PRESS *-RETURN-"iQ$ ^ ■ -h., • -rms^'^-^-^ 



2000 60SUB 4550 - '-V ' 

. 2930 PRINT " fi PREV DENSITV IN THIS- flREfl, THEN, • HILL TENDED DECREfiSE 

h,"- ■ UNTIL IT REACHES EQUILIBRIUM POINT #1 ."^^ ': A . - ■ ^ ^3^i , 

2840 fl = VU:B"= VS:ST = —1 '5 ^ ' - ' „ 

2058 60SUB 4008 ^ . J-, ,: i^fj. . /"^.-.^ - -..■i'ii 

2060 HCOL0R= 5 " : ■ • -f: , \' \::;rt.^-.il5^-'' : <a<-^W-'5«fK 

-2078 HPLOT X2<VU),V2<YU> ■ - 

2088 FOR I = VU TO VS STEP - 1 - ' ■^^'^'-^^ - ^^^'^'^^^^^ 

-2098 HPLOT TO X2< I ),V2< I ) ' 
2100 NEXT < ■ ■ --^ 

2118 . HCOL0R= 3 ■ . " 
2128 PAUSE = 1: 60SUB 4500 

2168 PRINT " THE NET EFFECT as THAT ANV PREV DEN- SITV IN THESE REGIONS 
HILL TEND TO HOUE TO THE EQUILIBRIUM POINT #1." ..• ; 

•2178 LG = 150 ' - , . • 

2188 CE = 1 ... 
2190 GOSUB 4108 

2206 HCOLOR= 5: HPLOT 25,149 ' 1 . . 

2210 FOR I = 0 TO VU 
2220 HPLOT TO X2<I),V2<I> 

2238 NEXT ^ ' , 

2240 PAUSE = 1: GOSUB 4500 

2260 PRINT " BECAUSE ANV PREV DENSITV IN THE AREA" OF POINT #1 HILL HGUE 

TO THAT POINT, IT IS CALLED A STABLE EQUILIBRIUM POINT." 
2278 PAUSE = 1080: -GOSUB 4500 
2285 fiEM 



•2286 REM ff'QUESTION REGARDING OTHER STABLE EQUILIBRIUM POINTS IS fiSKE 
D. 

2287 REM 

S 

2310 PRINT " EQUILIBRIUM POINT #1 IS STABLE. ": PAUSE = 1000: GOSUB 5009 

2320 ~ POKE - 16368,0 • 
2330 UTAB 23 

2340 INPUT " HHICH OTHER EQUILIBRIUM POINT IS STABLE?"iQ* 

2350 GOSUB 4550 . ' • 

2355. IF LEFT* <Q$,1) = "3" OR^ LEFT* <Q*,3) = "THR". THEN PRINT "UERV 60 



OD!": GOTO 2368 



♦ 
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2356 PRINT "NO." ' r.r^ - ... 

"ZZBQ PRINT "EQUILIBRIUM POINT #3 IS P 



STABLE. ":PfiUSE = 590: "GOSUB 4590 



2378 UTftB 21: PRINT " HATCH THE GRAPH 

E PREV DENSITY HILL 60. " 
2388 PfiUSE = 1888: GOSUB 5699 
2398 UTAB 23 

2498 PRINT » PRESS -RETURN- HHEN THROUGH 
ajfte CE = 8:LG = 199899: GOSUB 4189 
-2*28_G0SUB-4559:-UTfiB 22 
2458 rIF PEEK < . - 16384> = 141 THEN 
2469 REH. 

2479 -REM ' PREDATOR CfiRRVING CAPACITV IS tJ: 



GET THE OUERALL 

r 



- ^^W.vJJJENCED BV vTHE 
2597 J GOSUB 5289 
25J8^/HC0LdR= 5 - 
2528 L* =^/*PREV EfiTEN 
2538 X9 = 1: GOSUB 5459 
2548VHC0L0R= 3 
2558 .VUTAB 3 . 
2568 HPLOT 25,149 
2578 XH = 199:VH = .3 
2599 ..REM .. - 



2609 
2610 



REM 
REM 



THE PREV RECRUITHENT CURUE IS DRAWN. 




IDEA OF HHER 



, - » i. • > ,■ MV « vS> i ' - ...... 




THE SHAPE OB THE PREDftTOR JUI^TlSftLRESPONSE CURUE IS INF 




^ 2620 :r .= . 91 * , • . 

^ 2639 k = 100 . - 

2640 FOR N = 0 TO 100 ■% - . ; ^ 

2650 IF N = 60 THEN UTAB 7^ PRINT " mIlL THE PREDATOlf, FUNCTIONAL 

RESPONSE CURUE Stt-UP OR DOWN HHEN THE , PREDATOR (^RVING CAPACITV 
o> IS RAISED?" "... \; 
2669 IF N =99; THEN PRINT : POKE - 16368,9: INPUT Q$ \ 
2679 HPLOT TO X2<N>,VKN) ' ' j. 

'2680 AeXT • - ■ . . 

2681 VTAB 13 - . \ 

2682 I? LEFT* <Q*,1> = "U" THEN PRINT "THAT'S RIGHT!": GOTO 2708 

,. 2685 PRINT "THAT-'S NOT RIGHT. " w . 

2700- K =110 > 
2710 VH = 150 0. 

2720 HCOLOR= 5 ' ' " . 

2739 HPLOT 25,149 

2749 FOR N = 9 10/199 - 
^2759yi>^ COUNT > 9 THEN HC0LOR= 5: GOTO 2899 
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Tc J - THPM PRINT • PRINT " IT rilLL 60 UP BECAUSE fi HIGHER' CARRY 
^tnS ?JfiJ?TV WILL fiLLOH HORE PREDATORS TO SURUIUE IN THE SYSTEH." 
. 2778 "if N '"^mN^lSV-rpSlST - HORE PREDATORS HILL EAT HORE PREV.- 



*2789 HPLOT TO X2CN),V2CN) ~, - ^ 

, 2798 60T0 '2860 • - s ' -•■"^ " ' ' -^l- - " 



wK2aeQ = k * n e / <m — - 

1^2810'X.= H ' , ..v. . 

2320 ' 60SUB 5610 — - -'vWiv- 



^ E + DD> , , ' 



; 2840 REH ■ ^ THE PREDATOR CARRYING CflPAClTY IS CHANGED BY THE USER. 

rt2850 REH,' 

2868 NEXT : IF COUNT < > 0 60T0 2930 
• - 2870 PAUSE = 1: 60SUB 4508 • , - , ,\.<^% , . 

. S?Nt'" ■ TRY fl HIGHER PREDATOR CARRYING ^ :>:(5ffflCITy. TO S 

' DEHONSTRflTED." " , ' - : ^'^T^'^^^ ' ' '^i:' '^^^i^: : 

. ' 2988; PAUSE = 1800:. GOSUB 5008 . i^-',' '^'4^:f^^ 

■ 2940 1p™^FT<^l>'"/?5"?HMHEr<;TflB 22: PRINT » FORHE« C««RVIN 
«sa ^p''rtuMT'<" >'^a PND LEFT»M»,l") < > "V" THEN BOTO 3828 

Jr ST,r/oR°S f ^= a THEH HOHE : rouse = 1088: 80SUB 5888: UTBB 
"^^^ 2!- Wim " pl^.4Ei(A0SE fl UflLUE between , t^f» 18e."=PflUSE = 
■ 3008: SOfeUB 56*8: =^0™ 2348 ^ 

^ .'pRlT" ^ VLmE'cHwIfn SrlSe'bEThMh' 118 RNO 168.-:PBUSE 

3860: 60SUB 5880: HOHE : GOTO 2940 

^ \ " ■ • ' 

3000 POKE 16304,0: POKE - .16297,0 . 
3010 GOTO 2710 ^ . ' 

3020 PAUSE = 500: .60SUB 5089 \. ^ 
^ 3030 REH ^ • . / : 

3040 REH THE DIFFERENT POSSIBLE NUHBERS OF EQUILIBRIUH POINTS IS HORK 
ED WITH. - 
• 3050 REH ' . * . ' ' 

^60 HOHE : HBR : TEXT 
3070 PflUSE = 500: GOSUB 5008 

3080 UTAB 18 • . . • . 




— ' - V r>-;v^;^->■:; 



.... . . ^ 
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3890 



-^3100 
3110 
13120 
♦ 3130 
"r:3i40 
;^3150 
i^3168 
^3170 
#3180 
13190 



^3210 
^3220 
':^'3230 
ff:3240 
■^3250 

.3260 

\i3270 

- .^j- 

3280 

•3290 
3300 

3310 
^ 3320 
' 3330 
3340 



3350 
3360 

3370 
3380 



PRINT " VOU'UE EXPERIHENTED HITH THE PREDflTORCflRRVING'CflPflCITV ONO 
SEEN ITS EFFECTS. VOU HfiV ALSO HftUE NOTICED THAT THESE GRfl^HS NEE 
D NOT HWE flUL THREE EQUILIB- RIUH POINTS." 
eOSye 5388^ ' ' 

HCOLOR= 5tL$ = "PREV EfiTEN ✓ TIHE'*:X0 = 0:V0 = 140: 60SUB 5450 
X0 = 1» 60SUB 5450 .. 
HCOLOR= 3 :;r j 4 - 
HPLOT 25,149 . 
FOR 1 c=ce-TO 100 
HPLOX I'D ,X2< n,Vl( I ) 
NEXTo - ■ 
PRINT 




print;' 

UP HITH 

PfRJSE * 
K = 0 - 
60SUB 5089 

- 16384,0 



.PRIHT 

BV.CHflN6IN6 THE PREDRTOR CfiRRVINiB 




CflPflCITV TRV TO COHE 




REH 

REH 



THE PREDflTOR CflRRVINS CflPflCITV IS CHflN6ED BV THE ISeR., 



1000: GOSUB 5000 



PAUSE 
UTflB 

PRINT " PpRHEB CflRRVINS CflPflCITV = "K' 
PflUSE = 1080: 60SUB 5000" /. ' s . 

UTflB 24 ' * . - < 

INPUT " . ENTER fl NEH CflRRVINQ CflPflCITV: "jKK 

IF KK > 160 OR KK < =0 THEN HOHE : PflUSE t 1000: SOSUB- 5000: UTflB 
22:* PRINT " ' PLEflSE CHOOSE fl UflLUE BETWEEN 1 flND 160.": PflUSE = 

3000: 60SUB 5080: HOHE : GOTO 3280 
K = KK 1 

REH • ' »' 

REH 

REH 



POKE ORflNGE^ COLOR. ^ 



3390 
3480 
^ 3410 
3420 
3430 
3440 
3450 
3460 
3470 



POKE 28,213, 
Ha3LQP= 5 
HPLOT 25,149 
FOR X = 0 TO 

V - K * X E 
GOSUB 5610 
NEXT 
HOfiE 

, REH 



100 
/ <X 



E + 



7' 
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5488 FlEH THE NUMBER OF EQUILI^RIUH POINTS IS CHECKED. 

.3490 REM ^, .. . 

3500 PAUSE = 500: 60$}JB 5800. \ ' , \ . , . ; \ , . . Jl^ 

5.3510 UTflB-22 -'-.^i-^v~ , t.5i.4>i^ ' • '■ Tr.'c.-/--5?,rh«'- ■>>^;^i|^'^^ 

;^352^ PRINT " IS THERE: ONLV ONE'EQUILIBRIUH POINT?" • *f,..: . 

:ji>^3^0 INPUT Q$ •• . . -c^vv;.. . - . . ' '-T. V^-.-. -.ilv ■'^-■•^...^ 

5V 3540 HOHE : UTflB 22:^flUSE = 580: 60SUB 5008 \. -/ V .- v.- — 

":^3550 IF' LER$ <Q*,1) = ".V" AND K > 78 AND K < 128 THEN PRINT " THAT IS 
- r^f- INCORRECT. THE SYSTEM' HfiS HORETHflN ONE EQUILIBRIUM POINT. PUEfiSE TRY 
eii";^^5"-l?fl6flIN.-sPfiUSE = ie00:.eOSUB 5080: GOSUB 5080: HOHE : GOTO 3280 .. . 
■*3580 IF- LEFT1? <Q*,1> < > "V" AND K > 78 AND K < 128 THEN PRINT " PLEA 
- "~ , SE TRY ANOTHER CARRYING CAPACITY TO GET ON^-Y ONE EQUILIBRIUM POINT." 
r'.Ht}- : PAUSE = 1800: GOSUB 5008r 60SUB 5888: HOHE : GOTO 3288 
-■^3578 : IF - LEFlfejQ*'l> = "Y". AND <K <- = 78 OR K > = 128) THEN PRINT " 
^" THAT IS. CORRECT. THIS SYSTEM. HAS ONLY ONE EQUILIBRIUM POINT. ": PAUSE = 

;;^s3S¥r;vi89er80s^ ^ ^ -H, 

- 3588 IF LEFT* <Q*,1) < > "Y" AND <K < = 78 OR K > = 128) THEhi PRINT 
" ."NO, YOU HAUE ONLY ONE EQUILIBRIUM POINT. ": PAUSE = 1888: GOSUB 

'-^\;i;4 5890: eOSUB 5088: HOME '-a . .:„:,i . .. 

"^^^ 3398 PAUSE = 586:. GOSUB 5880 , \ ^ix**:' 

3688 UTAB 22 , r 

3618 PRINT " IS THIS EQUILIBRIUM POINT STABLE OR UNSTABLE?" 
3620 INPUT Q$ ' 

3638 HOME : .UTAB 22: PAUSE = 508: GOSUB 5008 • - 

3640 IF LEFT* <Q*,i) = THEN PRINT " THAT IS. CORRECT. " 
3650 IF • LEFT* <Q*,1) < > "S" THEN PRINT " THAT IS INCORRECT." 
3660 PAUSE = 1080: GOSUB 5880: UTAB 23 

3670 PRINT "IT IS A STABLE- EQUILIBRIUM POINT. ":PAUSE = 1008: GOSUB 588^ 
3688 GOSUB 5080 ' 
3698 REM . ' . 

3700 REM THE NEXT SECTION OF THE MODULE IS SET UP. ' . " 

3710 REM * ^ 

. 3720 HOME : TEXT 

^ 3730 MTAB 22 . c 
3740' PRINT " GOING BACK TO THE ORIGINAL GRAPH..,." ' 
3750 X = 26:Y = 0:XZ = 253:L = 1.48: GOSUB 5140 
3760 HCOLOR= 3 . . 

3770 HPLOT 25,149 

3780- FOR I = 0 TO 108 > 
3798 HPLOT TO X2<I),Y1<I> > . ' 

3800 NEXT 

3810 POKE - 16304,0: POKE - 16297,0 
3820' REM ' • ' • 
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3838 REH POKE ORflNSE COLOR. " 

384Q REH 

3850 POKE- 28,213 - ' , 

3868 HCOLOR= 5 ' 

3878 HPLOT 25,149 'T'.: 

*3888 FOR I' = 8 -TO 180 ' . -l^-^- 

3890 HPLOT TO X2<I),V2(.I> > ' \ * > • 

3900 NEXT « • •.^•'1 ■■. ' -■ "V-'!^^--..-:' /-^^^a^; 

3910 , REH ■ 



3920 REH ' THE SUBPR06RfiH PRED FUNCT2 IS RUN. -tSS ^? --^ 

3930 . REH V : : - J , • , : .-.m' ' 



■ 3940 D$ = CHR* (4> 
"■-3950 PRINT D$i"RUN PRED FUNCT2'' 

3960 END ^ ' . , . 

3989 REH ^"Z^^ - ■ ' 

' 3990 "REH %xiixxtixxxx%j.xtxxt 
W 3991 -REH *** SUBROUTINE^ *** 
3992 REH xxxxxxxxxxxxxx^xxxx 




4800 REH 

4001 REH SUBROliVlNE TO FLflSH^SPfiCES BETWEEN CURUES. ^ ^ ;:*cfAf V 

4002 REH ^ ■ . ' • ■ -.eif^nvv 

4005 FOR T - 0 TO 21 • . , C\j" 

4018 HC = HC + 3: IF HC >.3 THEN HC = 0 c 

4020 HCOLOR= HC ' ' ' 

4030 . FOR I = fl TO B STEP ST . 
4040 HPLOT X2< I >,V1< I > TO X2( I >,V2( I > 

'4050 NEXT ' . • ' 

4060 NEXT " ' 

4870 RETURN ^ . .... 

4100 REH 

♦101 REH SUBROUTI^IE THRT RLTERNfiTELV COLORS AND DfiRKENS SPflCES BETWEEN 

TWO CURUES. ' r 
4102 REH 

♦105 HI = 3:H2 = 3:H3 = 3:H4 =3 

4110 Cfl =t8:CB = 0:0; = 0:CD = 8 ^ - 
4120 HC = 3 ^ 
4130 FOR I = 1 TO L6 

4150 Cfl = CO + 1:CB = CB + 1:CC = CC + 1:CD = CD + 1 

4151 IF Cfl > VS AND HI = 0 AND LG - I < = VS THEN 60T0 4183 V 
4160 IF CO > VS THEN Cfi = 0:H1 = HI 3: IF PEEK < - 16384 > = 141 THEN H 

1 = 0" 

4165 IF HI > 3 THEN HI = 0 



J 



Page G22 



ERIC 



4170 HCOLOR= HI . ' H . , 

4180 HPLOT X2<Cfl>,Vl(Cfl> TO X2<:Cfl>,V2<Cfl) - ' 

' 4183 IF > VU ^ YS AND H2 = 0 AND LG - I < = VU - YS JHEH 60T0 4308 ' 

4190 IF CB > YU - VS THEN CB = 0:H2 = H2 + 3: IF PEEK < - 16384) = 1^1 THEN 

S48^^F hI > 3 /THEN H2 = 0 ' ' .. '"T • - ^- V : -v-.l 

fJ200 HC0L0R= H2 . ",N . a^ r^*-,. : 

4210 , HPLOT X2< YU - CB YU YU - CB )* TO . X2( YU - CB )/V2< YU - CB ) . • . . 

4220 :iFCE< > 0 GOTO 4300 . ■ -"X . ; • /•*'^| 

» 4230-IF-CC >-VE— VU THEN CC-= 0:H3 =,H3 + 3: IF PEEK 16384) = 141 THEN 

■rt4235.~.IF-H3 ^3 THEN H3' 
■-M4240 ? HCOLOR= H3 

. 4250 HPLOT X2(YU + CC),Y1(VU + CO TO X2(YU + CO,V2(YU + CO 
' ;-4260 "iFsCO > 101 -,.YE.THEN CD = 0:H4 = H4,+ 3: IF PEEK ( - 16384) = 141 ..THEN 

.."+265 IF,H4 > 3 THEN H4 ="0 , / '...v . . . ^^^'^ i- ' 'k/MS 

.f4^' HCOLOft= H4 • ■ ■ • •^-.^rv-.y. '-'x 

-- 4280 HPLOT X2<101"- CD),Y1(101 - CD) TO X2(1Q1 - CD),Y2(101 - CD) 
Vi4295 ; IF PEEK (,-16384) = 141 THEN GOTO 2420 . 
• 4300 'NEXT ,^^5=^ ' f 

4310 RETURN /: / r 
••^ 4500 REM ^iK-y^ 

4510 'REM PflU8E, RETURN, PAUSE, UTflB SUBROUTINE. 
4520 REM 





4530 GOSUB 5900 

4540 G<JSUB 5980 

4550 HOHE * 

+560 PAUSE = 500: GOSUB 5000" 

4570 UTAB 21 

4580 RETURN • - 

50m REM 

5010 REH PAUSE SUBROUTINE. 

5020 REH UfiRIABLES TO BE PROUIDED: 

5030 REH D = LENGTH OF PAUSE. 

5040 REH 

5050 FOR PS = 1 TO PAUSE 

5060 NEXT 

5070 RETURN 

5080 REH , 

5090- REH PRESS -RETURN- SUBROUTINE. 

5100 REH 

5105 POKE - 16368,^ 

5110 UTAB 24 ' • 

5120 INPUT " PRESS -RETURN- TO CONTINUE" ;Q$ 

.5130 RETURN ' ' ' - 
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"5140 REH 



4 



5158 
5160 
5178 
5188 
5190 
5280' 
^5210 



REH SUBROUTINE THAT BLACKS OUT A RECTfiNSLE PN THE H6R SCREEN. 
REH -UARIfiBLES THAT HUST BE PROUIDED- ' 



REH 
REH 
REH 
REH 
REH 



X = STARTING X COORDINATE 
V = STARTING V COORDINATE 
XZ = LENGTH OF RECTANGLE ALONG THE* X AXIS. 
L = HIDTH OF RECTANGLE ALONG THE V AXIS.. 




' 5220 HCOLOR= 8 . * 

-5^30~^ FOR-TA-=^0 TO L 
C 5240 HPLOT X,Tfi + V TO X + X2,TA + V 
..N 5250 NEXT TA . . 

^5260 HC0L0R=3: 

■ 5270 RETURN - 
E^5271 . REH , : ■„:-.; 4,, 1, .;M^tVn,;-; >.i,' 

,,f'5280 REH. AXES AND UNITS FOR GRflPHS • -fi^ - 

; 5290 REH . SUBROUTINE DEUELOPED BV J. SPAIN,HICHI6AN TECH UNIU.,flND B.J. 

HINKEL,ALBION COLLEGE . . .. - --^i^M 




00 REH 
10 1?EH 



DEFINE X$=UARIflBLE PLOTTED ON X AXIS 
DEFINE V4P=Uf«IABLE PLOTTED ON V AXIS 
DEFINE VH =HflXIHUH UNITS ON THE V AXIS 



5335 



DEFINE XH = HflXIHUH UNITS ON THE X AXIS 



REH 
REH 

REH :. • -u - V --' 

5340 HCoLoR= 3r SCALE= 1:SC = f: ROT= 0 v. , 

5350 REH LIST OF RESERIED UARIflBLES:X^X0,XH,X*,V^V0,VH,V$,2,ZF,'28,23,L* 

5360 'hpLOT 23,0 TO 23,149 

5370 HPLOT 25,149 TO 278,149 ' - 

5380 REH WRITE VARIABLE NAHE ON X-flXIS 
5398 20 =-8:L$ = X*:X0 = 60: V0 = 150 
5400 GOSUB 5450 

5410 REH HRITE VARIABLE NAHE ON V-AXIS ' 
5428 20 = 1-L* = V*:X8 = 10fV8 = 140 

5425 X0 = 13 V ' . / • 

5430 GOSUB 5458 ' * 

RETURN 

REH ALPHANUHERIC CHARACTERS FOR H6R 
THE FOLLOHING HUST BE DEFINED 
BEFORE ENTERING THE SUBROUTINE ' 
L$ = -CHARACTER STRING" 
V0 = THE INITIAL V POSITION 
X0 = THE INITIAL X POSITION 
SET 29 = 0 IF PRINTING HORIZONTAL , 
SET 28 = 1 IF PRINTING UERTICALLV . ^ 
FOR 2 = 1 TO LEN <L*>:23 = ASC ( HID* <L*,2,l J) 
IF 20 < > 0 THEN GOTO' 5570 

IF 23 > 64 THEN DRAW 23 - 64 AT ;|40r + (2 - 1> * 7 * SC,V0: GOTO 5590 



5448 
5450 
54fe8 REH 
REH 
REH 
REH 
REH 
REH 
REH 
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• 5560 DRfiH 23 AT X0 + <Z - 1> * 7 *-SC,V0: 60T0 5598 : • 

5570 ROT= 48: IF Z3 > 64 THEN DRfiH Z3 - 64 fiT X0,V8 - <Z - 1) ♦ 7: 60T0 

.^.5580 • DRfiH Z3 flrX0,V0 - <Z1-Tl) * ? 

^Jt5590^'ROT=0: he<TvZ^>^-..v%^^g;^J;4, , - - v. '^^'^ 

•-t5685^R^l4^ ■ • ,^^^^€^^^pT- " " ' 

5610^Re*:f SCk^'flND^PhOT POIHT'fOR DEF^ "'- ^ 



L5620fREHlFOR LINE^LOT HAKE ZF=l:^.^,.«^^^^, . 



5630 X0^23 +'Xif^256 < XH ; 



4|;.5640 V0l«U49 - "il* 1^ y W 

r^?^5650 :&IF*X0 > 279; 0R X0 < 0 OR V0 > 149 OR V8 < 0 THEN 6OTO 5688. 




:^-5660- 



TO X0,V0: 60TO 5688 




e^F?Z6. =-t*-THEN : HPLfiT 
5670 ~ HPLOT X0,V0:. : rF ZF 4 f THEH 26 =. 1 
^5680 RETURN 
.Jj8995^JBi- 

>| 9996 TREH ^ - ■ DflTft 'STfiTEHEMTS C0NTfi'l»lN6 THE PREV RECRUITHENT X fiND V POm 
1^i?^>i- TSjiNlf THE PREDfiTOR VlPOIHTS TO BE PLOTTED". 

18000 " DfiTfl 23,149* 149,25 A44, 148,28iil39, 147 
30,135*143*33,tel, 139,35, 126,132 
38,122,125,48,118,118,43,114,118 
46,118,183,48,187,96,51,183,90 




v , 18810 
18828 

.Vx 18830 
18848 
18858 
18868 
18878 
19888 
18690 



DRTfi 
OfiTfi 
DfiTfi 
DfiTfl 
ORTfl 
DfiTfl 
DfiTfl 
DfiTfl 
DfiTfl 



18188 DfiTfl 
10118 DfiTfl 



10128 
18130 



DfiTfl 
DfiTfl 



10148 DfiTfl 
18158 DfiTfl 



-10168 
18178 



DfiTfl 
DfiTfl 



18188 DfiTfl 
18lde DflTA 



10288 
18218 
18228 
18^ 



DfiTfl 
DfiTfl 
DfiTfl 
DflTTfl 



53,99,84,56,96 
61,89,72,63,86 
69,88,64,71,77 
76,71,59,79,68 
84,63,56,87,61, 
82,57,53,94,54 
99,51,52,182,48 
187,45,5Ulie 
115,41,58,117, 
122,37,49,125, 
138,35,48,133, 
138,33,48,148 
145,32,48,148, 
153,32,47,156, 
161,33,47,163,: 
168,34,47,171, 
176,37,47,179, 
184,48,47,186 



,58,92,76 
,66,83,66 
,74,74,61 
,81,66,57 
^89 j»59 *54t 
,97,52,52' 
1,104,47,51 
58,112,42,56 
,49,128,39,48 
49,127*36,49 
,48,135,34,48 
,48,143,32,48 
,48,151,^,48 
i47,l^,32,47 
,47,166,34,47 
i47^174,36,47 
i47,181,39,47 
1,47,189,42,47 



08248. DfiTfl 



191,44,47,194*45,47,197,47,47 . 
199,49,47,2te,5e,47,284,52,47 ' 
287,54,47,'289,57,?i?,212,59>46i v 
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If -: 18268 ^DRtft v222>66^.r22S*7lU6,227.74:»4r , 
'%^ie278 .il»rm.^?238.77^.232,i8e^,:^:^ 



18288^0nTn4:238.86^.248^^(^ -im-A 



18298 . OWTtt^ 2!»5.96^.248,8?U4t ■;tSCL^l03.;Hiir; 



^118318 :lDfire<261.J18^.263.122-. HU '^gmkM 



18328 ^0flT» ;::268.131i4e,271,135^ A/fc ^I^^W 
:^18338:^DfiT0 €276.144,46,273,149,46 ' 

^^^^ ' " 




7" 
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REH . PRED FUNCTZ:^"" 



m^^^nS2S2?li?^°S'S^ ^ ™ SUHIT I COURSEHflRE DEUELOPHEHT P 
S^Hf ^1^*7°^^^ SCIENCES, HICHISRN TECHNOLOSlt^UNI 

^,.;J"^^ HOTERIfiL IS BflSED UPON HORK SUPPORTED BV THE ifflTIONOL VlPNr " ' 
■v4*WS?2rS!?^c^'JL^^^ SED-7919951. - ^^'^^^^^i^^. 
- •^^^ OPINIONS, FIN0IN6S, fiNO CONCLUSIONS OR. RECOH^O«ffTrOHS B«PRP*t ^ 
^:-^,SEDL:iNJrHia-PtJBLICflTION-fiRE THOSE OF ThE flSrfSlSWDD^^ 
roo-^^^^^^ ™ OP THE NfiTIONflL sSsck FWNMTION -^^^^^i^"^^ 

4100 ^. DIH VKaei >,X2(201^Y2<:201 ^. - 



25 



^---S ?!f #"DENSltv: OF PREV. PDPULfiTION- 

. ^»#^140 'V*-=%-CHflNeE 

159 REH^ ' 



7^ 





RIGHT OF THE DOTTED LI, 



180 - 60SUB 4058 

THE:NE}{T DEHONSTRfiTlON 1[T HI^fT-^i^EEnS^TO L^^OfIv^OT 
^"^tS^- °P-™~™0 r - - STABLE EQUILIBRIUM POINTS. " "^-^^ 
^ .220 PflUSE = 3000: 60SUB 4988 - - .'....„ „.£ • 

260 UTflB"22 > =- A„ .. i"^/ ■ . : 
270 .PRINT V SO HE'LL.; IGNORE EVERVTHIN6 TO THE 

280 HPLOT 126,0 .' ' '^v^-r 

290 FOR„i = 0 TO 148 j : ... . X- jUi-..: ■ --h-iK'^ 

l?« l)^?'^rj%^'' <I / 2> = I / 2 THEN HCOL0R= " ' " 

310 HPLOT 126,1 ... . • . 

320 NEXT ■ ' ■ . 

330 PfiUSE H 1000: GOSUB 5000 

^ = 0:X2 = 152: L = 148: GOSUB 5148 

350 PfiUSE .= 3800: GOSUB 5088 . ^.^^ 

360 GOSUB 4050 - " V - . .--^-'^ 

388 UTflB 22 

^ I^RfcLOSEj?"^"^^"^"^ IS PUT ON fi LARGER SCALE SO ;T CAN BE EXAMINED 
400 TEXT • ■ . ■ » ^ ^ - 

410 X = 25:V = 0:X2 = 102:L = 148: GOSUB 5148 
420 POKE - 16304,0: POKE - 16297,0 
430 2F = 1 
440 UTAB 22 
450 .HPLOT 25,149 
460 XH = 40 
470 VH = .225 
. 480 PfiUSE = 1000: GOSUB 5008 
490 POKE. - 16304,0: POKE - 16297,0 

500 REH . - > • \ .. . i . r . 
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510 

.528 



REH 
REH 



THE PREV RECRUITMENT CURUE 1$ DRfiHN. 



, '530 R = .01. 
^ 540 K = 100 ■ 

'550 FOR X = 0 TO XH STEP ' 
.560 V = R*. X*<1^X/K 
;570 IF V < 8 THEN V = © 
■^^80 -SOSUB 5610 
-590 VKX) - V0 
;,v600 NEXT • - 

r", 610 REH y^/f^i.:^. 



.5 

> 



^^"•620 
•V,-630 

:. 640 

5^.650 
.:;.660 
i:tl670 



REH 
REH 




xPREDflTOR RESPONSE IS PLOTTH). 



VH ='112.5 
HCOLOR= 5 



^fc680 
M690 
:i 700 
'^^710 
720 
, '730 
-740 
- 750 
' 760 
770 
780 



. J. , tJ^^"f\ 



HPLOT 25,149 
IC=ai0 
E = 2.5 
DD =-300 
VS = 0:VU = 0sVE = 0 
UTflB 22 - ' . 

FOR X = 0 TO XH STEP .5 
V = K *■ X ^ E / <X E + DD> 

SO^B 5610 
X2<X> = X0:Y2<:X> =^ VS 
NEXT - • ♦ • 

PfiUSE = 1000: 60SUB 5088: GOSUB 5888 
REH . . 



790 

800 

810 
820 
830 



REH 
REH 



THE CONCEPT OF SUBTRRCTINS CURVES IS INTRODUCED. 



GOSUB 4050 



TEXT : 
UTflB 5 

PRINT " VOU WILL RECALL THAT THE PREV RE- CRUITHENT CURUE REPRES 
ENTS WE POSITIUE CHfiN6E IN THE PREV POPULATION, AND THE PREDATOR FU 



REPRESENTS THE NEGOTIUE CHANGE." 



NCTIONAL RESPONSE CURUE 
840 PAUSE = 1000: 60SUB 5098 
850 UTflB 11 

860 PRINT " IF THIS IS SO, THEN THE d'iFFERENCE BEfwEEN IVESE TWO CURV 

ES IS 1¥E CHANGE IN PREV DENSITY PER SOME TIHE INTERUAL. " 
870 PAUSE = 1000: GOSUB 5008 
880 UTAB 15 

890 PRINT " SO THE RELATIVE AMOUNT OF TIHE NECESSARY FOR THE PREV 

DENSITY TO REACH fl STABLE EQUILIBRIUM POINT CAN BE EStlHATED," 
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909 PflUSE. - 1008: GOSUB 5009-^ ^ 

910 UTflB 20 •• ■^- •5, ..vr-^'Jfi * 

320 PRINT -CTHE PRECISE LENGTH OF TIME CfiNNOT BE 
^ • E DIFFERENCES.)" " • 
930 PAUSE =^ 500: 60SUB 4080 
970 POKE ".:r.:16304,0: POKE .- 1629r,0 



"990 REM 



CWiCULfiTED DUE TO SCflL 



4 



IF^„X2CI> <^>/.X2(J> THEN . COUNT = COUNT +-11^^^ 



:M020 eouNT^=.0 , 

030 I =tl8l> - 
^1040 ^GOTO 1240 
''^1050 



#1060 TP^WVKI) 

"^070 iiIF5,yi<I).<^Y2Cp THEN TP = V2CI) 



F0R:H =:i48„T0telNT <TP) STEP - - 
HCdLOR= 0: IF TINT <H a 3) = H / 3 THEN 
HPLOT X2< I J^VV'yo X2<I),H 
mil0 W = H 



„^1080 

;-^t090 
^Mil00 



HC0M3R= 3 



^1120 
^#1130 



"tX I v^- - Iv^^iS.:-: 



HCOL0R=.3 .^^"^^ 



Stll40 _ VPUn .X2< I ),V1C I > TO X2( I ),V2< I > 
•^fell50 

ir 1160 

'"r^'aiTO 

-ai80 
1190 

r;.i200 

^ 1210 
1220 
1230 
1240 
1250 



PRINT " THE DIFFERENCE BErHEa4 THE TWO 



DENSITY reft TINE INT 



HPLOT X2< I ) - 2,V1< I > TO ><2< I ) - 2,V2<I 
;.HOL0R= 0 'iii^-' .,v/ -m:;: ' , V -v 
' HPLOT X2(I ),147 TO X2CO,VKI) - 
HPLOT X2<J),V1< J) TO X2(J),V2<J) 
W1.0T X2CJ) - 2,YKJ) TO X2CJ) - 2,V2(J) 
HPLOT X2<J),V1<J) TO X2<J),148 
HPLOT X2(J),148 TO X2CI),148 
HPLOT X2<J>,147 TO X2<I),147 
IF X2<J) = X2<I) THEN COUNT = COUNT + 3 
IF COUNT < 2'T^CN 60SUB 4050 
IF COUNT < 2 RND CT = 8 THEN 

CURUES IS THE EFFECT OF PREDflTION ON THE PREV 
ERUflL.":PfiUSE = 488813 60SUB 5888 
HCOL0R= 3 ' ' , 

HPLOT X2(I),V1<I> TO X2( I),V2(I> 
HPLOT X2< I ) - 2,V1< I ) TO X2< I ) - 2,V2< I ) 
IF COUNT = 0 RND CT = 8 THEN 60SUB 5888 
IF COUNT-< 2 THEN HOME ' 
1318 VY = V1CI> A . 

1328 UTflB 21 . , . 

1338 IF COUNT < 2 AND CT = 8 THEN PRINT " BV SUBTRflCTINB THIS DIFFERENCE 
. FROH THEX-fiXIS, THE PREV- DENSITY FOR THE F0LL0HIN6 TIHE INTER 

UflL IS OBTRINED.":PfiUSE = 2888: 60SUB 5888 
1340 TP = YKI) ' 
1350 IF YKI) < Y2CI> THEN TP = V2<I> 
JL360 FOR H = INT CTP). TO 148 • • ' - 



1260 
- 1270 
1280 
1290 
1300 
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"1378 
1380 
1390 
1400 

. 1410 

, 1420 
1430 

>I4=40 
1450 

r.l480 

:^4470 
r%1480 
^1490 

1510 
- ^1512 

1513 
-^1514 
"¥^1515 
#1520 

^5^1540 
1558 
1560 
1570 
• 1580 

. 1590 
1600 
1601 



HCOL0R= 0: IF INT <H / 3> = H / 3 THEN 
HPLOT X2<I),VV TO X2<I>,H 
W = H 

NEXT •• .sV ^ ^ i %. 

IF X2<J> = X2<rFTHEN COUNT = COUNT - 3 



HCOLOR= 3 



.HCOL0R= 3 _ i.-.>%C^!t^^-rSf.S>:7 
> IFiX2(I> < 279 AND X2Cf>'> e'eofo 1538 
t HPLOT X2(J>,148 TO 279,148 . ' . 
, HPL0rX2(J>,147 TTO 279,147 
: 60SUB 4050 -f^^;.- : j^^^f; 

PRINT- PREY DENSITV Hfl$ 60NE OFF THE GRfiPH 
LIBRIUM POINT.'"- ■ ^ c-w--- . 
PAUSE = 2009: 60SUB ^08: 60SUB 5080 
...HC0L0R= 0 ^^^i..- - ^.^-J^, 
J. HPLOT X2CJ),148 TO 279,149 
•HPL0T_X2CJ>,147,TO 279,147- 
.HC0L0R=3 . - 75 s^^t V 

HOME : -60T0 1890 . ' ^^^^ - 

HPLOT X2(J>yl48 TO X2CI>,148 
" HPLOT X2<J),147 TO X2(I)yl47 

IF COUNT = 0 fM) CT = 0 tJeN 

IF X2<I> = X2<:J) -eOTO 1590 

60TO 1050 



TOHfiRD THE OTHER EQUE ^> 





HOHE • 

UTfiB 21 ' . . 

IF r > ' = 28 AND I < 31 THEN HOME : UTAB 21: PRINT "NOTICE THAT THE 
. PREV DENSITY IS ON ThE UNSTABLE EQUILIBRIUM POINT. TRY A DEN- SITV 

JUST OFF THIS POINT.": 60SUB 5088: HOME : 60TO 1938 

IF CI«CK > 0 60TO 1610 . - . ^ • vv / -f 

IF COUNT > 0 AND CT > 0 THEN COUNT = COUNT - 1 
•PRINT ■ IT TQOK "iCOUNTi" TIME INTERVALS FOR" • 
CHECK =1 

UTAB 22 

PRINT -THE PREY DENSITY TO REACH EQUILIBRIUH. - 

UTAB 23 . 

PRINT » PRESS -RETURN- tO CONTINUE" 

IF PEEK < - 16384) = 141 THEN JBOTO 1690 
60TO 1050 

HCOLOR= 3: HPLOT 23,149: FOR I = 8 TO 40 STEP .5 
IF I > =40 GOTO 1730 
HPLOT TO X2<I),V1<I> 

NEXT • • 

HCOLOR= 5: HPLOT 23,149 
FOR I = 0 TO 40 STEP .5 
HPLOT TO X2<I),V2(I> 
IF I > 40 60T0 1780 
NEXT 
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mm 



T780 HOME :CT = Cr ririF CT5af> 1 80T0 1899 



1790 REM . 



1808 Re* ' " * THE SIHULflTION IS REPEfiTED HITH fl HEH STRRTINe PREV DENSITV 
<INPUTBYTHE USER). \_ ' 



1810 REH 



I DENSITV TO COHPflRE HI " 
• PRESS ^flETURH-" TO INPUT:>^^ 




•M820 60SIB 4080 -^-^^SS^^ " '-W^^' • 
^ 1840 PRINTS"' -TRVrfi DIFFERENT- STlRRTINe PREY 
. !:,C'- • tH TfE-ORieiNflLf . ■ . EXflHPCE:^ ^ 
•<%1856 POKEfB 16368,0 -^.^fe^"^^ 
^J;i860 PflUSE = -1800:,6QSUB 5000^2^ 24= I^ 
•^JT^ NEH DENSITV" iQ$»1" - '^«f«:; 

-1870 - HOME?: POKE .^^,16304,0: , TORE - 16^0 
^#1880 - 6OTOr.l940 - P^^'.' ^'Jl^^^i 
• '1890 VTRB 22:PfiUSE = 1000: 60SUB 5900 V^i^r^ 
•■'1900 ' IF^^ PEEK < - 16384) < -c>;c0 .THEN POKE^- 16368,0 

-19101 INPUT." 
"I:-? DENSITV? 
-,1920 IFF^LEFT* 
1930 60SUB 4050 

1960 ..print:-- wherf would vouxike to gmr? 5i-^>^^:;v.-:?^fe,. -r^-^m 

" TP T > ^ Xl < TTHEN^m^ :PflUSE-= 1009= 60SUB 5080: VTRB 22: PRINT 
• SdS^ fl iA.«S^tI^N i W 35.-:PflUSE = SO^TbOSUB 5800: 60T0 

1990 COUNT = OrCHECK = 0 ' -"^ . , 5; r • i' , 

2000 GOTO 1050 V- • . ■ ' ;V: ,: ^ .:' .i' , 



2020 
2030 



REH 
REH 



THE CONCEPT OF flDDITIONfiL PflRfiHETERS IS BROUGHT UP. ^ 



2040 
2050 
2060 



2070 
2088 
2090 



c 



HOHE : HSR : TEXT < /- .^^ 

PRUSE = 1000: 60SUB 5000: UTflB 18 " ' ^ V ^ _c__ 

PWNT - FrSI the PREUIOUS SIHULflTIONS VOU SflH THAT TflERE EXISTS 
^^TIOHSHtT ^EV^ TJC PREV RECRUITffiNT RND THE PREDATOR F 
UNCTIONflL RESPONSE CURUE. " 
PfiUSE = 1000: 60SUB 5000 

p^^^ NEJfT VOU HILL SEE THAT fi CHfiNGE IN fi SIN6LE PflRflHETBl CO 
N tFFECT THE .ENTIRESVSTEH. " 
2100 REH 



2110 .REH 
2120 REH 

2130 0* = 
2140 PRINT 
4000 REH, 



THE SUBPR06RflH PRED FUNCT3 IS RUN. 



<4) 

;-RUN PRED FUNCT3' 
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4018 REH 
4820 REH 



' .... . --•y^tr-''''*^!".""?'''^?^'*- 

PfiUSE, RETURN, HOHE, UTflB SUBROUTINE. 



4039 GOSUB 5000 

4040 GOSUB 5080 , ^. ... 
',4850 HOHE V cr-'. 

4060 PfiUSE = 500r GOSUB 5080 

.,4070 - UTflB 21 '.^T: ■ .: - v 

^4080— REFURFf -^:> " ^ • 
■ 4090; REH 



'■'^fi-..^-: ^-^4 ,-s--.-.-JS!5ii i^^t^a-A-i- 
REH 



If. 4997 REH * 
.^M4398 REH 

t!:4999. .REH 

>-5000 REH 
-V5810 
.•.:5020 
.-5030 
5040 



5050 
5060 
5070 
5080 

y 5090" 
5100 



5105 
5110 
5120 




NEXT 
RETURN 
REH . 

REH 
REH 



PRESS -RETURN-.. SUBROUTINE 



PRESS -RETURNt to CONTINUE" iQ* \ 



v 



poke - 16368,0 
UTflB 24 
INPUT " 
5130 RETURN 
5140 REH 

5150 REH SUBROUTINE "fflflT BLACKS OUT fl RECTANGLE OH THE HGR SCREEN. 
5160 REH -UflRIflBLES THflT HUST BE PROUIDED- 
5170 REH X = STARTING X COORDINATE 
•SI 80 REH V = STARTING Y COORDINATE 
^1^ REH . XZ = LENGTH OF RECTANGLE ALONG THE X AXIS. 
5^ REH L = HIDTH OF f«CTAN6LE ALQN6 THE V AXIS. \ 
5210 REH ^ 



5220 HCOLOR= 0 

5230 FOR Tfl = 0 TO L 

5240 HPLOT X,TA + V TO X XZ,Tfl + V 

5250 NEXT Tfl 
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5268 HCOLOR= 3 
5278 RETURH 

.5275 REH'-'^f'^ 

5288=-REHftfite^fiNDf UNITS FOfTGRfffHS 
^5298 REH_%aLIBROimNE DEUELOPED BY J 
■Tv^is^^W^lHINKECftLBION COLLEGE - 
--5388 : Fpi^l DEFINE X*^UfiRIflBLE PLOTTED ON X PXIS 
y-^ie^ REM rDEFINE V*=UflRIflBLE PLOTTED ON V AXIS 
u5328^ REHtp DEFINE W =HflXIHUH UNITS ON THE V fiXIS 
,5338 REH ^.DEFINE XH:=;:HfiXIHUH UNITS ON THE X fiXIS 




SPfiIN,HICHIGflN TECH UNIV., WD B-J. 



5335^ REH 




*» 'if- - ri ■'.^•^ ^; * 




r 5348 HCOLOR= 3: SCflLE= 1:SC = 1: ROT= 8 - « . 

OP^^SERVe) gflRIf©LES:X,Xi0,XH,X$,V,V0,VH,V4f/2^2F,20,23,L$ J"^ 




-•5^5368 J4PL0T 23,8 fd^^ri43 >?^- W '" 

..:537e HPLOT 25,149 TO 279i 149 ' 
5.v5388 REH HRITS UflRIflBLE NflHE ON X-fiXIS 

■ 5398 20 = 8:L* =,X*:X8 = 68:V8 =158 

5408 .60SUB 5458 — - 

5418 REM . HRITE UflRIflBLE NflHE ON V-fiXIS 

' 5420 20 = 1:L* = V$:X0 = 10:Y0 = 148 

5438 60SUB 5458 

5448 RETURN- : 

5458 REH flLPHflHUHERIC CmRflCTERS FOR H6R 

5468 REH THE F0LL0HIN6 HUST BE DEFINED ' , 

5478 REH BEFORE ENTERINS THE SUBROUTINE " 

5480 REH L* = "OttRflCTER STRINS" ' ' . .' 

5498 REH V9 = Tt« INITIAL V POSITION 

5580' REH . X0 = THE INITIAL X POSITION . .-: .-^■JM..:^:.-: , - . 

5510 REH SET. 2^ = 0 IF PRINTIN6 HORI20HTRL - 

5520. REH SET 20 = 1 IF PRINTIH6 UERTICALLV 

5538 FOR 2 = 1 TO LEN <L*>:23 ^ fiSC < HID* <L*,2,1» 

5540 IF 20 <4 > 0 THEN GOTO 5570 ■ ' 

5550 IF 23 .> 64 THEN DRAH 23 - 64 AT X0 + <2 - 1> * 7 * SCVO: GOTO 5598 
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SSer-DRflH 23flTX0 + <2-l>*7* SC-V0: GOTO 5590 

^i7a ' R0T="48: IF 23 > 64 THEN ^ DRflH 23 - 64 RT X0-V0 - (2 - 1) * 7: GOTO 

5590- : ■ 

5580 DRflH 23 fiT XO^YO - ^C2 - 1) * 7 , . . 
5590 ROT= 0: NEXT 2 % .v.; : . 
S680 RETURN . . 




••ft. 



•SGie-^REFr^SCnLErTMrPLaT-porNT-FORrDEFINED X flHO .V 
-^-.5620 : REH 
- S625:-REH 




T^' ^ 5639 X8 = 23> X * ^6 X XH 



■1^5640 V0 = , H9-^'- V *;-140. '■•s.~;,,i4r.^ / ^4;^;$?. 3?^?^%, ' .5i*V^J^:.SI^ 

5650^ IF X9 >: 273 OR XS C0 OR V0 >,149 OR V0 < 0 THEN GOTO 5689 
4: 5660 26 = 1 TtEN . HPLOT TO X0,V0: GOTO 5680 

^567e |;HPL0T X0,V0r:iF^2F = .1 THEN 20^= U.^.. ... , . t^-^s < 

^5680 - RETURN : - " -y^^^^^^t -v>::...J-,;^ fMm. I^^^M 
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5 

10 

12 
15 



REM' 
REH 
REH 
REH 



PRED i#CT3 



"^SS^^S"^^ ^ SUBPROGRflH OF PREDflTOR FUNCTIONfiL RESPONSE. 
PROGRfiHHED BV HARK SHflLTZ 

non JS^ £52^2L*S^«5^^°™ ^'^ ^"IT I COURSEHflRE DEUELOPHEHT 
' '.$^U^?m°KSi: B^OSICfiL SCIENCES, ^ICHI6«N TECHNOLOSICfiL.^ 

rr^^lR^ flW-OPINIONS, FINDINGS, RND CONCLUSIONS OR RECOHHENOfiTIONS EXPRe" . 
.X^^ifi.???o^£™I?JE^^^^OM fiRE "THOSE OF THE AUTHORS AND DO NOT hECESSAR 

mrlLV REFLECT, THE UIEHS-OF THE NATIONAL SCIENCE FOUNDffTIOH. ,^ 
^tie?J^DIH Vl<101),X2<l01>,V2a01) ..,;..^.T-v.>^.*S 

^•DENSITY OF PREY POPULATION- ■ >-'^{^"^^^ ' '^^^^^ 

■PREY'SROHTH /_TIHE" •x^i^c$ii-U.--'> 



I'^iie^x*^ = 

^.i, 138^^ REH 

5?^:. 148 REH 
:^:150:reH 



.HUNTER PRESSURE IS INTRODUCED AS A PARflHETER.; 





PAUSE = 1: GOSUB 
.PAUSE ,= 500: GOSUB 

3i.f?|;..PRINT "i&^THE PREY RECRUITHefT CURUE Is'tHE' RESULT OF PREY BIRTHS 
f^!^««INUS NOH-PREDATORDEATHS AT DIFFERENT PREY DENSITIES." 

208 PAUSE = 500: GOSUB 5009 
^?^;^-218 - HCOLOR= 5:Z0 = 1 , ■ > 

228 L* = "PREY EATEN flHE":X0^ 0:V0 = 
. , 230 X0 = 1: GOSUB 5450 
248 .HCOLOR= 3 



148: 



258 
268 



UTAB 11 
^PRINT " 




5458 



THE PREY ARE ALSO HARVESTED BY HAN, THEN YOU HUST CON 
DITIONflL EFFECT ON PREY RECRUITHENT, , THAT OF HUM 



. HUNTING PRESSURE LOWERS THE PREY 



IF 

SIDER AN AD- 
TING PRESSURE 

272 60SUB 5280 

288 PRINT : PRIKT 

RUE " ^^^l^i!'^'^" ^ 

298 PAUSE = 500: GOSUB 5000 
308 UTAB 20 

310 PRINT " LET'S EXAHINE HOH THIS HAPPENS." 
320 PAUSE = 500: GOSUB 4008 
338 UTAB 22 

348 PRINT " FIRST HE HUST AGAIN GO BACK TO THE 

ENT CURUE. " 
350 PAUSE = 1000: GOSUB 5000 
360 POKE - 16384,0: POKE - 16297,8 
378 REH 



RECRUITMENT CU 



ORIGINAL* PREY RECRUIT^ 
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3iB0 REH tAe PREV RECRUIThENT CURUE IS PLOTTED. i • 

390 REM 

400 ZF = 1 . 

410 XH = 100:VH = .3 . ' . 

420 HPLOT 23,148 * f 

430 FOR I = 0 TO 100 ^ , • 

440 REfiD X2Cr>,VKI),V2a> *^ 

450 HPLOT TO "X2<|I),V1<I> ' 

460 NEXT , ' 

470 PflUSE = 1000:/.6OStJB 5000: HOHE : SOSUB 5000 ^' ^ 

480 UTRB 21 I 

480 • PRINT ItJhOS BEEN FOUND THAT PREV LOSS DUE TO HUNTING IS fi LINEfiR 
FUNCTION Off PREY DENSITV. " ui.ncHn 
500 REH / . 

510.. REH HUNTER PRESSURE IS PLOTTED. 

520 REH , ■ • - 

530 REH POKE ORANGE COLOR. ' ' 

540 POKE 28,213 
550 HCOLOR= 5 i 

560 HPLOT 23,1/48 , ' 

570 HP = .05 . 

580 FOR N = 0 JO 100 

580 X = N:V = l25 * HP / 50 * 2 * N 

600 GOSUB 5610 

610 NEXT ' , \ ' . " 

620 PflUSE = 50"0r GOSUB 4000 

830 PRINT " THIS MEANS THAT HUNTERS TEND TO HARUEST A CERTOIN PERC 

ENTR6E OF THE PREV, REGARDLESS OF PREY DENSITV. " 
640 PAUSE ='500: GOSUB 4000 
650. REM 

» 

660 REH THE CONCEPT OF POSITIUE flIiD NEGATIVE CURVES IS APPLIED TO PRE 

, V PECRUITHENT AND HUNTER PRESSURE. 
670 REH • ^ 

680 TEXT : PAUSE = 500: GOSUB 5000 
690 UTflB 7 

700 PRINT " THE PpEV ftECRUITHENT CURVE REPRESENTSPREV ADDED TO THE POBU 

LATION, AND THE HUNTING LINE REPRESENTS PREV KILLED. " 
710 PAUSE = 500: GOSUB 5080 
720 UTflB 11" i ' 

730 PRINT " BV SUBTRACTING PREV KILLED DUE TO HUNTING FROH PREV ADDE 

D THROUGH RECRUIT-HENT, A NEH CURUE WOULD RESULT. " 
740 PflUSE = 500: GOSUB 5000: VTAB 15 

750 PRINT " THIS NEW PREV RECRUITMENT CURVE WOULD TflKE INTO flCCOUN 

^ T HUNTER PRESSURE. " 
760 PflUSE = 500: GOSUB 4000 
770 POKE - 16304,0: POKE - 16287,0 
780 REH 
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m RB? ™^ ™° ^""^^^ SUBTRflCTED. 

819 PfiUSE = 508: GQSUB 58^ 

820 UTflB 22 

839 PRINT" SUBTRfiCTINS THE CURVES... " 

840 HP = .05:HC = 6:FLfl6 = 0: 60SUB 4100 

859 PflDSE = d000: '60SUB 5889? GOSUB 4859 

860 UTflB 22^ 

SsifiE."' ™ RECRUITMENT CURVE IS LOHERto BV HUKTINe PRE 

880 PAUSE = 500: GOSUB 4888 - • 

890 REM . • ■ 

9?0 R&i ™^ "PREDRTOR FUNCTIONflL RESPONSE CURVE IS PLOTTED. 

920 UTflB 22 ' ■ ^ 

. nNrPRESS™REr" ^^'^ ^WCTIONflL RESPONSE CURUEIS NOT flFFECTED BV ffl5f» 

940 HCOLOR= 5 

950 HPLOT 23^149 

' 960 FORI = 0 TO 100 

970 HPLOT TO X2< I ),V2< I X 

989 NEXT • 

990 PAUSE = 500: 60SUB 4089 
1000, REM " - - 

1010 REH fl HVPOTHETICfiL SITUflTION IS SET UP. 
1020 - REM 

1030 TEXT 

1040 PAUSE = 500: GOSUB 5008 
1050 UTflB 12 

1060 PRINT " TO STUDV THE POSSIBLE CONSEQUENCES OF HUNTING PRESJaiRF ft 

m-^i ^ l!f oS^'^ «T « HYPOTHETICAL^JATfoN." ™^ ^ 
1070 X = 24: Y = 0:J?Z = 255:L = 148: GOSUB 5149 
1080 -HCOLOR= 3 
1090 HPLOT 23,149 
1100 FOR I = 0 TO 100 ' 
1110 HPLOT TO X2<I),Via> 
1120 NEXT , 
1130 PAUSE = 1: GOSUB 4099 
1140 UTflB 7 X? . 

1150 PRINT " IF VOU WERE fl WILDLIFE HANRGER, ONE OF VOUR fYlNTPRMQ hqu 

Ih vSl "^'"^ ' ""'^ popu!S?KuS^e'?or ^ wnrtSl^fl 

1160 HCO'LOR^ 5 ' ' • 

1170 HPLOT 23,149 

1180 FOR I ='►0 TO 100 

1199 HPLOT TO X2(I),V2(I) - ' ' 

1200 NEXT 
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1210 REH / ' \ 

1220 REH THE HUNTER PRESSURE IS INPUT BV THE USER. 

1230. REH 

1240 UTRB 12 

.1250 PRINT " VOU RRE HRNfiSINS RN RREB HITH 10,080 PREV. HOH HfiNV 

OF THESE PREV MOULD VOU RLLOH TO BE HRRUESTED BV HUNTERS 

1269 PRINT : PRINT i INPUT HP . ' ' 

1270 HP = INT <HP + .5> 
1280 PflUSE = 1: GOSUB 4850 

1290 UTRB 2 . , , 

1309 PRINT" VOU CHOSE "jHP;" PREV TO BE" 

1310 PRINT "HRRUESTED. " " . • 

1329 IF HP < lOejjHEN UTflB 15: PRINT " BV RLLOHING SO FEH TO BE HfiRVE 
STED, VOUR fiREff<S TOHNS COULD LOSE UflLUflBLE INCOHE DUE TO THE LACK 
OF HUNTERS. TRV RLflRSER NOHBER-" 

1330 .IF HP > 600 Tf€N UTflB 7: PRINT " KILLINB THAT HRNV COULD STRAIN T 
HE PrtEV POPULfiTION. TRV R SHflLLER NUMBER." 

1340 IF HP > = 100 AND HR < - 600 THEN UTRB 11: PRIhfT " LET'S SEE T 

HE EFFECT OF HUNTERS. HARUESTING "iHP;" PREV." * ' ' 

1350 PAUSE = 4000: 60SUB 5000 

1389 IF HP < l00 OR HP > 600 THEN PflUSE = 1: 60SUB 4880: GOTO 1249 
1370 POKE - 16304,0: POKE - 16237,0 • 
1380 UTRB 22 / ' 

1390 PflUSE = 500: GOSUB 5000 
1400 UTRB 22 

1419 PRINT " THE PREV DENSITV IN VOUR flREfl IS AT THE UPPER STABLE EQUi" 
LIBRIUM POINT." • ^' . 

1420 FOR I = 1 TO 12 

1430 HCOLOR= 3s IF INT <I / 2> < > I / 2 THEN HCOL0R= 8 
1440 PAUSE = 5|0: .GOSUB 5000 

1450 HPLOT Pl,37 TO 209,45 TO 286,39 / ' 

1460 NEXT , • 

1470 PflUSE = 580: GOSUB 5990 _ • ' 

'1480 GOSUB 4050 
1499 REH 



1590 REH » .THE PREV RECRUITMENT CURUE IS LOWERED TO fiCCOUNT FOR HUNTER' 

PRESSURE. Vi 
1510 REH , ^ . 

1520 UTflB 22 / V • ^ ■■ ' 

1530 PRINT" BV KILLING J', -HP;" PREV, THE PREV- 
1540 HTEHP = HP / 10000 

1550 PRINT "RECRUITHENT CURUE IS HOUED DOHN. " 
1560 HP = HP / 19900:HC = 3:FLflG = 1: GOSUB 4100 
1570 HO = HTEHP 

1580 GOSU0'4409 - / 

1599 PflUSE = 1: GOSUB 4000 
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,1690 Pmm " ' NOTICE HOH TW^ EQUILlBRIUH PREV DEN- sfrv IN VOUR fiREft HBS 

LOWERED SLI6HTLV BV HUNTING PRESSURE.": " ' . - \ ^ 
1619' PfiUSE = 5095 60SUB 48ee ' \ / . ' rf r / 

.1620 --TEXT :PflUSE = 1008: 60SUB 5000.: 'UTfl^ 5 : . : / 
rJ^^'^ BOSS WHO ftflHTS HORE HUNTERS IN WE flR^S 

. 0 OS TO 6ET MORE INCOHE JfTTO THE LOGflL TOHNS."- ! > ' • - 
1640 PflUSE =^500s, eOStJB 580©/ - , , ' ' 

-1^0 UTflB 12 - . .>> • ^ . 

..1660 .REM *'•■ •■■ - • . . . - ■ • 

1679 . REM THE USER INCRERSES HUNTER PRESSURE. 

1680 REH ^ ■ X..-. ' - ^ • : 

RUElf NoV" ^/^^^^^f' ' ' MflW PREV HILL VOU Hfl 

17^0 PRINt : PRINT /r flNPm: Hf* 
•1710, HP, = INT' (V 
1720 80SUB 4059 
1730 OTAB 2 ^ 

1740 PRINT " Vdu HflUE CHOSEN TO HflRUEST " jHP ' - 

1750 PRINT "PREV."' . , ' 

1780 IF HP .< 800r THEN UTRB 15: PRINT" » NOT' ENOUGH, SflVS VOUR BOSS HE 
HflNTSHORE HUNTERS <flND HORE. JNCOHE'l^OR THE tSJnSX-^ . > 

oJE ^J,J^ ."IIP ^ " ^ « LflRGE HflRieST IS TdbsRI 

™ BOSS. TRV ft SMALLER NUMBER. '! ' . 

.^fjf/ 809 OR HP > 4099 THEN PflUSE = 2009:,GOSU8 4988: 60TO 1659 
-S^ " LET'S SEE WE EFFECTS OF HUNTERS HArJeS^G - 

1808 PflUSE = 4000: 60SUB 5809 

1810 GOSUB 4959 ' - , . 

1829 POKE - 16304,9: POKE . - 16297,9 

1830 REM 

1840 ^REH g^^^^THE LOSS OF A STABLE EQUILIBRIUM POINT DUE TO FffJNTER PRESSUR 
1850 REM " 





1869 PflUSE' = 500: GQSUB -5009 

1870 UTAB 22 ■ . • , ■ 

1889 PRINT " BV HARUESTING "jHP;" PRgf, THE GRAPH" 

1890 I PRINT -HOULD CHANGE TO LOOK LIKE. . . " - 
,1908L.HTEHP = HP / 19099 ' ' 
1919 HP = HP. > 10009SHC = 3: FLAG = 1: 60SUB 4109 
1^ GOSUB 4950: HO = KTEHP-u UTAB ' 22 

HWE%d"h H^?" ^ E8UILIB-RIUH PREV DENSITY TO 

1949 GOSUB 4400 

1950 . FOR I = 1 TO 13 

1969 HCbLOR= 3: IF INT <I / 2) = I / 2 THEN HCOLOR=* 9 

1979' HPLOT 200,37 TO 200,45 TO 206.39* ^ '^"«-"«-' » 

1989 PflUSE = 598: GOSUB 5880:^ - 

1998 NEXT ■ , A A 
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'2099 PAUSE = 500rfiOSUB 4888: UTAB 22 ' 
2010 PRINT " . . . TO HERE. " 
2020 FOR I = 1 TO 13 

2030 HCOL0R= 3: IF tNT <I / 2) = I / 2. THEN HCOLOR= 0 
2040 HPLOT 55,135 TO 47,X35 TO 53, Ml' 

2050 PAUSE = 500c GOSUB 5809 • v . ^ 

2060 NEXT > ' 

.2070 PAUSE = 500r SOSUB 4889 

2080 HCOLOR= 0 . * » 

2099 HPLOT' 288,37 TO 288,45 TO 286,39 
» 2100- PAUSE - 500: GOSUB 4880 \ 
2118 REH 

T^-. : - • , , . ■ 

2128 REH HUNTER PRESSURE IS TAKEN AHW. 
2130 REfcU 

2140 HOME : TEXT ' 
2150 PAUSE = 500r 60SUB 5888: UTAB 7 ^ 

2168 PRINT - NOH BECAUSE JDF THE SUDDEN LOH ^ > DENSITV OF PREV, VOUR 
JS^ ^?SJ^ .HUNTERS HILL HIPE OUT THE PR^V COH- PyCTH-vT 
2178 PAUSE =^ 1088: GOSUB 5889 \ i-tic^T. 

2180 UTAB 12 ^ ' 

2198 PRINT SO HE ORDERS ALL HUNTIN6 TO CEASE. H^ING THffT THE LflOC 

2288 PAUSE = 5^: GOSUB 4800 " \ 

2218 PRINT • THE RESULT OF VOUR BOSSES NEH POLICV IS VhE ORISINflL GRAPH 
BEFORE HUNTINS..." inc wzmnHi. www 

2220 PAUSE = 500? GOSUB 5009 
2230 POKE - 16304,0: POKE - 16297,0 
2240 HP = 0:HC = 3:FLAG = 1: GOSUB 4188 
2250 GOSUB 4850 

2260 PRINT ALTHOUGH THE UPPER STA^ EQUILIBRIUH PQINT^mETURNED, THE P 

REV DENSITV IS SgUCK AT THE LOHER EQUILIBRIUH POIllr:'^^ 
2270 GOSUB 4408: HCOLOR= 3 
2280 HPLOT 55,118 TO 47,118 TO 53,124 
2290 PAUSE = 1009: GOSUB 5089 

2300 HCOL0R= 8: HPLOT 55,135 TO 47,135 TO 53,141 

2319 PAUSEl= 1: GOSUB 4889 

2320 PRINT " DUE TO EXCESSIVE HUNTER PRESSURE, THE PREV DENSITV DROPPED 
TO WE LOHER STABLBEQUILIBRIUH POINT." i^nr UKU^rtU 

2330 PAUSE = 1000: GOSUB 5009 
2340, FOR I| = 1 TO 13 

2359 HCOLpR= 3: IF INT CI / 2> = I / 2 THEN HcbLOR= 8 

2360 HPLOTi 55,118 TO 47,118 TO 53,124 
2370 PAUSE 1= 500! GOSUB 5889 

- 23'80 NEXT 

2390 PAUSE = 500: GOSUB 4889 i 
2400 UTAB 21 ' 

2419 PRINT THE PREY DENSITY HILL STAV AT THIS LOHER EQUILIB^lUH POI 
NT UNTIL OTHER • . FACTORS INTERUENE." ' «ux.^iwtiurt tvi 

2420. PAUSE = 500: GOSUB 4809 , 1. 



Page G^O 



ERIC 



2430 REH. 



2448 RBi 
2450 REM 



CONCLUSIONS FROM THE ENTIRE PROSRflH ARE LISTED. 



2460 
2470 
'2488 
* 2490 
2588 
2518 
' 2520 
2538 
2540 
2350 



: UTflB 1 
GOSUB 5000 

CONCLUSION* 
GOSUB 5000 



2560 
2570 

2580 
2590 

2S00 
2610 

2628 
2630 



2640 
2650 
2660 
2670 
2680 
2690 
^2700 

5*^720 
2730 
3999 



HSR .- 'TEXT 
PflUSE = 580; 

PRINT " 
PfiUSE = 5001 

PRINT " IN THIS MODULE, VOU HfiUE:" 
PfiUSE = 1888: 60SUB 5808: UTflB 5 

PWNT -1. SEEN PREV RECRUITHENr DERHJED FROH 
PAUSE = 1888: GOSUB 5000: UTflB 8 
PWNT* "2. OBSERUED. THE PREDRTOR RJNCTIONflL „«r^„ 

PfiUSE = 1088: 60SUB 5800: UTflB 15 
„^I«^3"^^««H6ED TOE PREDBTDR CHRRVINB 

PAUSE = 1080: «)SUB 5888: UTRB 18 - 
T??I?'n^;vwS!S^ ICH DIFFERENT 

il^S '^^TSS*^^" EdlILIK?IUH POINT. 

PAUSE = 1808: 80SUB 5880: UTflB 22 

J^SS.Z^'^ f» PARBHETEB AFFECTING 

RUIThENT, THAT OF HUNTER PRESSURE. "j 
PAUSE = 1000: GOSUB 5888 

POKE - 16368,0 ■ , 

INPUT " PRESS -RETURN-" ;Q:r 

GOSUB 4050 , , 
UTRB 18 

•JTRB^20 ^ ™^ ^ ^ SOHEUSE TO YOU, 

PflUSE = 500: GOSUB 5088 
PRINT " THflX'S IT! BVE.^" 

UTflB 23: END 

REH ■ ' . 



LOGISTIC GROHTH." 

RESPOMSE CURUE PLO 
CURUE." 

# 

OF PteV DENSITV EQ 



CAPACITY AND OBSER 



STARTING PREV DENS 
AFFECHNG PREV REC 



4000 REH 
4010 REH 
4020 REM 



PAUSE,RETURN,PflUSE,UTAB SUBROUTINE. 



4030 GOSUB 5008 

4040 GOSUB 5080 

4050 HOHE 

4060 PfiUSE = 508r 60SUB 5888 

4070 UTAB 21 - 

4080 RETURN 

4099 REH 



r 
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4109 REH , ' ' ' 

V . rI? ^^^INE THfiT ERflSES ONE CURUE HHILE PLOTTXNG flNOTHK. 

4105 HPLOT 23,149 

4107 VH = .3 - . 

liif 21 " = 23:X7 = 23.-V9 = 149rV8 = 14S:V7 = 143 

^ii? * HP * 2 * 149 / CVH * 59> 

■4120 FOR N = 0 TO 109 

4139 HC0L0R=«9 

}}^^ V9 < 9 OR V9 > 149 60TO'4249 

4140 HPLOT X9,V9 

4159 X0 - X2<N>:V9 = 149 - C149 - HO * N> + VICN^ " ' 
41^ IF V0 < 8 OR V0 > 149 60T0 4240* - 

4169 HPLOT TO X9,V9 

4170 X9 = X9:V9 = V0 

4189 IF FLflS = I SOTO 4249 r 

J^^T 'XS^S^ ^ " . . - 

4210 X0 = X2<:N>:V9 = 149 ^ HP * N " " \ 

4215 IF V9 < 9 OR V9 > 149 GOTO 4249 
4220 HPLOT TO X0,Y0 

4230 X8 = X9:V8 = V9 ^ 
4240 HCOL0R= HC 

4259 HPLOT J{7,V7' ' ^ 

4260 X0 ^ X2CN>:V9 = 149 - C149 - HP * N> + VKNi 
lis IF V0 < 0 OR V0 > 149 GOTO 4295 

4280 HPLOT TO >{9,V9 » . ^ 

4290 X7 = >{9!V7*=rV0 

4295 NEXT** * ' . . 

4300 RETURN 

4301 REH 

4^^0 REH 

ttS ^ SU5R0UTINE TO REPLOT PREDflTOR FUNCTIONflL RESPONSE fiURME. 

4425 POKE 23,213 

4430 HCOL0R= 5 ' 

4440 HPLOT 23,149 

4450 FOR I = 0 TO 100 

4460 HPLOT TO J{2CI),V2(I> ' 

4470 NEXT 

4480 RETURN - . • • 

4490 REH - 
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508e- BEH I 
5019 REH PfiUSE SUBROUTINE. 
5028 REH WRIfiBLES TO BE PROUIDED: 
. 5030 REH D = LEH67H OF PfiUSE. 

.,5040 REH • . . 

5050 . FOR PS =1 TO PfiUSE 
5060 NEXT 

5070 RETURN 

5071 REH " .. 

5080 REH 

5090 REH PRESS -RETURN- SUBROUTINE. 

5100 REH 

5105 POKE - 16368,0 • ' . 

llS INpS/" . PRESS -RETURN- TO CONTINUE- 

J5130 RETURN "... 
5131 .REH 

' IIS rH SUBROUTINE THfiT BLfiCKS OUT ft RECTBNGLE ON THE H6R SCREEN. 
5160 REH -UflRIfiBLES THAT HUST BE PROUIDED- ■ 

517B REH X =. BTflRTINS X COOROINflTE 

5180 REH V = STflRTIN6 Y COORDINffTE 

rSI XZ = LEH6TH OF RECTANGLE fiL0H6 THE X fiXIS. 

^ L = WIDTH OF REtrTRN6LE fiL0N6 THE V AXIS. 

5210 REH • . 

5220 HCOLOR= 0 

5230 FOR TO = 0 TO L -p„ ^ u 

5240 HPLOT X,Tfl + V TO X + XZ^Tfl + V 

5250 NEXT Tfl 

52B0 HC0L0R=-^3 

5270 RETURN ^ / 

5271 REH f 



II "^SIrSSSM^J. sp«n,hichi«« tech unim 

^ BEH DinNE XH = HfiXIHUH UNITS OH THE X AXIS 



(WO B.J. 



5335 REH , 



Sg^tl^ ^^ifl^:X,Xa-XH.X*.V.V0.VH.V*,Z.ZF-b.Z3,L*: 



5350 

,SC 
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:5380 HPLOT 23,0 TO 23,149 \ ( / 

5378 HPLOT 25,149 TO 279,149 



5389 REH WRITE UfiRIRBLE NflHE ON X-fiXIS 
.5390 29 = 9:L* = X*:X9'= 68: V9 = 150 
5499 GOSUB 5459 

5495 IF HRITE =^1 THEH HOH& zPflUSE = 1899: 60SUB ^99r UTRB 22: PRINT " 

fiLONG THE V-flXIS IS Tffi 6R0HTH OF THE PREV DENSITY PER VEflR. ": PAUSE = 
3009s 80SUB 5899 * - 

■ 5410 REH HRITE URRIflBLE NflHE ON V-fiXIS 

5429 Z9 = 1:L* = V*:X9 = 10rV9 = 149 
^5425 X9 = 13 . 
IP5430 60SUB 5459 
5449 RETURN 

5459 REH RLPHflNUHERIC CHRRflCTERS FOR H6R 

5460 REH lr« FOLLOWING HUST BE DEFIffiD 
5479 REH BEFORE ENTERING THE SUBROUTINE 

REH L$ = "CHRRRCTER STRINB" 
^499 REH V9 = THE INFTIflL V POSITION 
5599 REH X8* = Tffi INITIflL X POSITION / 
^19 REH SET Z9 = 9 IF PRINTING HORIZOHTOL * 

5529 REH SET 29 = 1 IF PRINTING UERTICflLLV 

5539 FOR 2 = 1 TO LEN <Uf>r23 = fiSC < HID* (L*,2,l» 

5540 - IF 20 < > 0 THEN GOTO 5578 

^ 5550 IF- 23 > 64 THEN DRfiH 23 - 64 AT X9 + <2-l)*7* SC,V0: GOTO 5599 

5560 DRRH 23flTX0+<2-l>*7* SC,V0: GOTO 5590 . 

5570 ROT= 48: IF 23 > 64 THEN DRfiH 23 - 64 AT X0,V9 ^ <:2 - 1> * 7: GOTO 

5590 

5530 DRRH 23 RT X0,V0 -(2-1^*7 

5590 ROT= 0: NEXT 2 ''^ 

5800 RETURN V 

5601 • REH . • ' 

5610 • REH SCfiLE AND PLOT POINT FOR DEFINED X AND Y 
5620 REH FOR LINE PLOT'HRKE 2F=1 
5625 REH 

. 5639 X0 = 23 + X * 256 / XH 8 
5640 V0 = 149 - V * 140 / VH 

5650 IF X9 > 279 OR X0 < 0 OR V0 > 149 OR V9 < 0 THEN GOTO 5689 
5660 IF 28 = 1 THEN HPLOT TO X0,V0: GOTO 5680 

5679 HPLOT X9,V9i IF 2F = 1 THEN 2G = 1 

5680 RETURN 
9995 REH 
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3996 REH DflTR STflTEHEHTS FOR COOfiDIHflTES tF PREV RECRUITHEHr OHO PRED 
HTOR FUNCTIONflL RESPONSE CURUE. - V ' " ' 

9997 REH . \ ' 

10968 DflTB 23,149il48,25,i44,148,28,13&,147 

18818 DfiTfi 38,135,143,33,131,139,35,126,132 

18828 DfiTO 38,122,125,48,118,118,43,114,119 

18038 DfiTfi 46,118,183,48,187;^,51,193,90 

18948 DfiTfi 53,99,84,56,96,88,58,92,76 . ■ 

18858 DRTfi 61^89,72,63,86,69,66,83,66 

18868 DfiTfi 69,88,64^,71,77,62,74,74,61 

18878 DfiTfi 76,71,59,79,68,58,81,66,57 

18988 DfiTfi 84,63,56,87,61,55,89,59,54 

18898 DfiTfi 92,57,53,94,54,53,97,52,52 ' < 

18188 DflTB 99,51,52,102,49,51,184,47,51 

18118 DfiTfi 187*45,51,118,44,50,112,42,58 

18128 DfiTfi 115,41,58,117,48,48,129,39,43 

18138 DfiTfi 122,37W9,125,37,49,127,36,49 

18148 DfiTfi 139,35,48,133,34,48,135,34,48 

18158 DfiTfi 138,33,48,148,33,48,143,32,48 

19168 DfiTfi 145>32,48,148,32,48,151,32,48: 

10178 DfiTfi 153,32,47,156,32,47,158,32,47 

19188 DfiTfi 161,33,47,163,33,47,166,34,47 

18190 DfiTfi 168,34,47,171,35,47,174,36,47 

19289 .DfiTfi 176,37,47,179,37,47,181,39,47 

10210 DfiTfi 184,40,47,186,41,47,189,42,47"^ 

19228 DfiTfi 191,44,47,194,45,47,137,47,47 

18238 DfiTfi 199,49,47,292,58,47,294,52,47 

19248 DfiTfi 297,54*47,299,57,47,212,59,46 

18^ DfiTfi 215,61,46,217,63,46,228,66,46 

19268 DfiTfi 222,68,46,225,71,46,227,74,46 

10278 DfiTfi 230,77,46,232,88,46,^,83,46 . 

19288 DfiTfi 238,86,46,248,89,46,243,92,46 

18298 DfiTfi 245,96,46,248,99,46,258,103,46 

10388 DfiTfi 253,186j»46,2S5,118,46,2S8,114j46 

18318 DfiTfi 261,118,46,263,122,46,266,126,46 

19328 DflTB 268;i31, 46*^1, 135,46,273, 139,46 

10330 DfiTfi 276,144,46,279^149,46 
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